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FIXATION OF THERMOLABILE SERUM GLOBULIN 
(COMPLEMENT) TO SENSITIZED RED BLOOD CELLS 
DEMONSTRATED BY COOMBS' TEST 


By JORGEN ANDERSEN 


In 1955 Cutbush, Crawford & Molli- 
son called attention to the phenomenon that red 
blood cells incubated with incomplete anti-Lea 
only reacted with Coombs’ serum “S 6” when 
fresh serum was used for the sensitization. Coombs’ 
serum “S 6” was derived from a rabbit immunized 
in the usual way with human serùm, but it was 
presumed to contain only anti-a-globulin and anti- 
gB-globulin, not anti-y-globulin. Anti-Lea serum, 
heated to 56° C, did not sensitize the blood cells 
to “S 6”, but if fresh serum from a Le(a—b—) 
person was added sensitization oecurred. Further- 
more, the red cells showed more marked sensiti- 
zation upon incubation with fresh anti-Lea serum 
at 37° C than at lower temperatures. 

To explain this phenomenon there are three 
possibilities. In the first place, anti-Lea may be 
to some extent thermolabile, í. e., weakened when 
heated at 56° C for 20 minutes. This possibility 
can, however, probably be ruled out at once, as 
fresh serum from a Le(a—b—) person can restore 
to anti-Lea serum the capacity to sensitize red 
cells at 37° C to a selected Coombs serum. 

The second possibility is that a thermolabile 
serum factor, perhaps identical with complement, 
gives a firmer, possibly irreversible fixation of 
anti-Lea to the red cells. This view, which may 
be traced back to Dac ie’s studies on incomplete 
cold antibodies (5, 6) has later been supported 
by others (4, 20). 

In the third place, the reaction between the 
selected Coombs serum and the red cells sen- 
sitized with anti-Lea in the presence of fresh 
serum from a normal person may be partially or 
wholly a reaction between the Coombs antibody 
and the fixed complement. This has recently been 
mentioned by Dacie as the probable explana- 
tion of the reaction between blood cells sensitized 
by incomplete cold antibody and anti-globulin 
sera (7). 

In an endeavour to elucidate which of the last 
two possibilities must be considered more likely, 
From Statens Seruminstitut, Copenhagen. 

Director: J. Orskov. 


the author carried out a few experiments which 
will be reported below. 


Comparison Between Agglutination of Le(a+b 
Blood Cells in Fresh and in Heated Anti-Lea. 
If the presence of a thermolabile factor in the 

serum secures a firmer fixation of anti-Lea to the 

red cells, this would presumably be apparent also 
in the agglutination reaction. Since the difference 
between inactivated and non-inactivated anti-Lea 
as regards sensitization is particularly marked at 
37° GC, the same would be expected to apply to 
the agglutination reaction. Agglutination experi- 
ments revealed, however, that the Lea haemolysin, 
often present in fresh anti-Lea serum (Andr e- 
sen & Henningsen) frequently prohibits 
direct comparison of fresh and heat-inactivated 
serum. This is true especially at 37° GC, but in 
some cases also at 20° C, although manifest hae- 
molysis does not occur at this temperature. This 
may also be encountered when using heat-in- 
activated anti-Lea to which has been added fresh 
normal serum, also without distinct haemolysis. 
This method, therefore, proved inapplicable in 
demonstrating firmer binding of anti-Lea when 
using fresh than with heat-inactivated serum. 


Differentiation of Antibody Sensitization and 
Complement Fixation. 


If the phenomenon observed by Cutbush, 
Crawford & Mollison is due to antibody 
sensitization + complement fixation, it ought to 
be possible to differentiate the two processes 
chronologically. The experimental procedure was 
as follows: 

To 0.2 ml packed Lela+b—) cells in eight test 
tubes, 10 x 76 mm, 1.0 ml of anti-Lea was added. 
After thorough mixing, the tubes were incubated 
for 2 hours, 4 at room temperature (about 20° C) 
and the other 4 at 37° CG. The blood cells were 
washed four times with saline to remove any trace 
of free anti-Lea, and to this was added 1 ml fresh 
normal serum from a Lela—b+) person, partly 
non-inactivated, partly after heating to 56° C for 
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5 min. After thorough mixing, the tubes were in- 
cubated for 1 hour, partly at room temperature 
and partly at 37° C. The red cells were then 
washed again 4 times with saline. After the anti- 
body sensitization as well as after the complement 
fixation, the cells incubated at room temperature 
were washed for the first time with 20° saline 
solution, those incubated at 37 7° saline 


G with 37 
solution, and the other three times with 4° saline 
solution. After the last washing, the cells were 
suspended in saline solution to make a 3—4 % 
suspension and tested on a tile in a selected 
Coombs serum and in saline, the result being read 
after gently tilting the tile at room temperature 
for 10 min. 

This experiment showed (cf. Table 1) that only 
those cells which had been in contact with fresh 
serum after the antibody sensitization reacted in 
Coombs serum 3374v. The sensitized cells must 
have fixed extra protein on incubation with fresh 
serum, but not with serum heated to 56° C for 
5 minutes. In other words, this extra protein is 
thermolabile in the same way as the complement 
or else the fixation of this protein depends on a 
thermolabile factor. In the following, this extra 
protein will be designated complement regardless 
of which complement fraction or fractions it mav 
represent and without a direct proof that this 
protein possesses complement activity. 


Table I. 

The influence of incubation temperature on the 
sensitization of red blood cells with Lewis anti- 
body followed by fixation of complement 
to the sensitized cells. 








LL. Incu- 
bation IL. Incubation with 

with normal serum 
anti-Leà 


II. Testing of the 
incubated cells in 











frest C hs s : 
temp. temp heated sr knn saline 
20° C. 20° C. fresh ni pa 
eG. ss 6. heated 
iik ee 31° CG. fresh +(+) 
ak A 81° G. heated — 
31° CG. 20° fresh — —- 
31° GC. 20° € heated — 
87° GC. 6 fresh (4) — 
si. 81° G. heated 





r 


As is evident from Table 1, the strongest re- 
action was obtained with red cells sensitized with 
anti-Lea at 20° C and incubated with fresh serum 
at 37° C. With incubation in heat-inactivated 
serum the reactions were entirely negative. 

All the normal sera used in the complement 
fixation experiments were derived from healthy 
Lela—b+) persons and did not contain demon- 
strable Lea substance. In the presence of uniform 
antibody sensitization of the red cells, subsequent 
incubation in the various normal sera at 37° C 
did not give the same strength of reaction upon 
testing the cells in selected Coombs serum. That 
is, all the sera contained the active factor, but in 
different concentrations. This was also apparent 


upon titration of the sera. The titre values ranged 
from 10 to 100. 


Titration of the complement activity of these 
sera by the usual technique was not performed, 
as this would only have vielded data regarding 
the quantity of the complement fraction which 
is the limiting factor, while it is doubtful which 
complement fraction or fractions were demon- 
strated by means of the selected Coombs sera, 

The possibility of removing the serum factor, 
here called complement, from a fresh normal 
serum by means of sensitized red cells, was in- 
vestigated by the following procedure: 

A selected, “strong” normal serum was in- 
cubated twice for 1 hour at 37° G with % vol. 
50 % suspension of sensitized Le (a +b—) red cells 
washed 4 times (A). As a control (of non-specific 


Table II. 
Examination of selected normal serum after removal 
of the complement by fixation to red blood cells 
sensitized by heated anti-Lea. 





Coombs 
serum saline 
3374y 
Sensitized Lela +b—) cells 
incubated at 37° C. with “A” —) — 
Sensitized Le(a+b—) cells 
incubated at 37° C. with “B” + + — 


Sensitized Le(a+b—) cells 
incubated at 37° C. with “C” _ 





For the significance of “A”, “B” and “C”: see text. 


absorption) the same quantity of non-sensitized 
red cells from the same person (B) was used. 
These two sera were compared with heat-inactiv- 
ated serum from the same person, incubated with 
sensitized red cells in the same way (C). All three 
sera (A, B, and C) were then incubated with 
sensitized Lela+b—) red cells at 37° CG, and the 
cells were tested in selected Coombs serum and 
saline on a tile (usual technique). 

This showed that by means of sensitized Le 
(a+b—) red cells, the serum factor may be re- 
moved from a normal serum. This could also be 
accomplished when using Lela—b+) cells sen- 
sitized with anti-Leb and the same normal sera. 
Comparison of the effects at 20° and 37° C showed 
that the maximum decrease in the quantity of the 
serum factor occurred following incubation at 
37° GC. This corresponds to the finding that com- 
plement fixation is most marked at this tempera- 
ture (cf. Table 1). 

The chronological differentiation of the anti- 
body sensitization and the complement fixation 
indicates that the extra protein demonstrated on 
sensitized red cells following incubation in fresh 
normal sera is not an increased quantity or more 
firmly fixed anti-Lea, but that it must be a serum 
factor without the character of antibody. This 
serum factor may be removed from normal serum 
by fixation to red cells sensitized with anti-Le? 
or anti-Leb, 
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On the Selection of Coombs Sera. 

The Coombs sera used in the experiments were 
selected from among a series of highly avid, 
potent Coombs sera. 

Serum 3374y was a mixture of sera from two 
rabbits immunized intramuscularly and intra- 
venouslv by a solution of human y-globulin. Se- 
rum G derived from a goat, immunized 
intramuscularly with human serum precipitated 
with alum. Both had been absorbed with a mix- 
ture of human A,‚ B, and O cells until they gave 
a negative reaction when used undiluted. 


1 was 


Coombs sera were selected by titration of a 
number of sera in saline solution by the double 
dilution method and bv testing all dilutions with 
red cells sensitized with fresh anti-Lea and with 
anti-D. Some of them gave negative reaction with 
cells sensitized with anti-Lea, also in the weakest 
dilutions, whereas the others gave distinctly posi- 
tive reactions. No relationship was found between 
the titre of a Coombs serum against anti-D sensi- 
tized red cells and its capacity to react with cells 
sensitized with fresh anti-Lea. Furthermore, the 
concentrations of suitable Coombs sera which 
proved optimal for demonstrating sensitization 
with fresh Lewis antibodv were not identical 
with the concentrations optimal for demonstrat- 
ing anti-D sensitization. This is illustrated in 
Table 3. The selected Coombs sera, 3374 v and G 1, 
were used in the dilution 1:4 in all the experi- 
ments. 

In these selected Coombs sera the agglutination 
of red cells sensitized with fresh anti-Lea was 
not affected by the addition of a 4 % solution 
of pure human y-globulin (de. without electro- 
phoretic evidence of a-globulin or g-globulin), 
whereas the reaction with anti-D sensitized blood 
cells was totally inhibited. Parallel results were 
obtained by absorption of the selected Coombs 
sera with red cells sensitized with anti-D, fresh 
and heat-inactivated, as well as bv the admixture 
of eluates from anti-D sensitized red cells. On 
the other hand, addition of fresh as well as of 


heated human serum, even in verv high dilutions 
(1:10,000 and completely 
reaction with cells sensitized 
anti-Lea. 

This indicates that the reaction in the selected 
Coombs sera, used in the dilution 1:4, is not due 
to an “immune conglutinin” (Coombs & 
Coombs), produced during the immunization of 
the rabbits with the human serum. On the con- 
trary, it must be interpreted as a reaction be- 
tween the antigen-antibodvyv-complement complex 
on the surface of the red cells and an anti-human- 
globulin antibody in the selected Coombs sera. 


abolishes the 
with 


over), 


blood fresh 


Effect of Anti-complementary Substances on the 
Fixation of Complement to the Sensitized 
Blood Cells. 

In the endeavour to investigate whether anti- 
complementary substances influenced the fixation 
of complement to red cells sensitized with anti- 


Lea (and anti-Leb), the following experiments 
were carried out, using sodium citrate!) and 
heparin?): 

To 1 ml inactivated anti-Lea + 1 ml fresh 


normal serum were added about 200, 50, 12, and 
3 units heparin “Leo” and about 16, 8, 4, and 2 
mg sodium citrate. After thoroughly mixing, 1/20 
red cells were added. After in- 
cubation for 1 hour at 37° C the red cells were 
carefully washed, first in 37° and then in 4 
saline solution, a total of 4 times. Then, the cells 
were tested in Coombs serum by the 
usual technique. 

The results are given in Table IV. 

Sodium citrate as well as heparin inhibited the 
fixation of complement to blood cells sensitized 


vol. Le (a+b—) 


selected 


1) The anti-complementary effect of sodium citrate 
is believed to consist in precipitation of calcium 
ions which are of significance in fixing comple- 
ment to the antigen-antibody complex (19). 

According to Klein the anti-complementary effect 
fixation of the 


reversible 
more 


of heparin is due to 
heparin molecule to one or 
fractions which are thereby inactivated. 


complement 


Table III. 
Testing of 2 selected Coombs sera with red blood cells incubated with fresh 
anti-Lea and anti-D (anti-Rh). 





Coombs serum n 
3374v 1 2 1 8 16 
Lelat-) th HH) + GH) 
cells 
Rho — — — — GH) 
cells 

Coombs serum 
GI. 

Lelat-) | HH) (+) 
cells 
Rho —_ (GH) GH) En Den 
cells 


32 61 128 256 512 1000 2000 


L(H-) 





After absorption with human red cells of all groups, serum from normal rabbits did 


not agglutinate the sensitized cells. 
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Table IV. 
The effect of anti-complementary substances on the fixation of complement to Le(a+) 
red blood cells during incubation with anti-Lea and fresh normal serum at 37° C. 








Anti-Le? and 
fresh normal 
serum 


Leta +b-) 
red blood cells 
sensitized with: 


The reactions of +} 
the sensitized cells in 
Coombs serum 3374v 


results were obtained 
b+) cells. 


with anti-Lea. The same 


with fresh anti-Leb serum and Le (a— 


Other Blood Group Systems. 

The experiments described under IT and III 
were repeated, using anti-P and P-positive red 
cells, with results which were on the whole 
analogous. However, this did not give an equally 
strong sensitization of the blood cells or an 
equally strong fixation of complement as in the 
experiments using anti-Lea and anti-Leb. Perhaps 
this affords the explanation why haemolysis of 
P-positive blood cells had never been demon- 
strated with anti-P, in vitro or in vivo, despite 
the fact that Mollison & Cutbush (1955) 
found a reduced survival time of small quantities 
of P-positive blood cells injected into a person 
with a (strong?) anti-P. 

Reporting essentially the results with 
anti-P, anti-H, and anti-Tja as with anti-Lea, 
Dacie, Crookston & Christenson 
(1956) these antibodies to be “poten- 
tially 


same 


consider 
haemolytic”. 

DISCUSSION AND CONCLUSION 

The present experiments were carried out in 
the endeavour to solve the following problems: 
(1) Whether the thermolabile factor present in 
normal sera and influencing the reaction of sensi- 
tized Le (a+b—) blood cells in selected Coombs 
sera is complement. (2) Whether the extra pro- 
tein present on sensitized Le (a+b—) blood cells 
after they have been in contact with fresh normal 
serum represents an increased antibody fixation 
or the purely material manifestation of the com- 
plement fixation to the antigen-antibody complex 
on the surface of the blood cells. 

1. It seems extremely likely that the thermo- 
labile factor influencing the sensitization of the 
blood cells is complement. It is thermolabile (does 
not tolerate heating to 56° GC for 5 minutes), it is 
affected bv the same substances as complement 
(sodium citrate and heparin), its action is at its 
maximum at 37° C, it was present in all sera 
tested from 
antigen-antibod yv 


persons, it 
to be fixed, and it is 


normal presupposes an 


reaction 
demonstrable in vitro by an antigen-antibody 
svsterm which is haemolvtic in vitro. 

2. Is the substance present on the blood cells 
(or other serum 


complement some 


antibodvy or 
protein taken up bv antigen-antibody complexes) ? 


Anti-Le® and fresh normal serum 
with the addition of: 
Na-citrate (mg) Heparin (i.u.) 


It is not y-globulin, but must be a-globulin and/or 
8-globulin. This cannot, however, contribute to 
the solution of the problem, as the antibodies used 
(Lewis antibodies), unlike Rh antibodies etc, are 
presumably not ‚-globulins. This is apparent, e. g, 
from the fact that Coombs sera in the optimum 
dilution for demonstrating y-globulin sensitiza- 
tion, give a negative reaction with Le (a+b—) 
blood cells sensitized with strong, heat-inactivated 
anti-Lea, whereas in a weaker dilution, unsuitable 
for demonstrating y-globulin sensitization, they 
give positive reaction. 


However, other findings militate against its 
being the Lewis antibody proper with which 


the antibody in the selected Coombs sera reacts. 


Should the effect of the complement in this 
reaction be due to fortification of the antibody 
fixation, this would presumably mean that the 
antibody had escaped being washed off by the 
washing procedure after the antibody sensitiza- 
tion. As apparent from the experiments described 
under II, however, the effect occurs even though 
the complement is not added until after washing 
the sensitized blood cells. This indicates that the 
Coombs reaction is conditioned by a reaction 
between the antiglobulin in Coombs serum and 
complement protein, fixed to the antigen-antibods 
complex. 

Of course, this presupposes that the so-called 
complement fixation is in fact a fixation. The 
literature is not very contributive, nearly all 
studies on complement “fixation” dealing with 
elimination of the complement function, not with 
the purely material aspect of the process. By pre- 
cipitation experiments, however, various authors 
have shown that the amount of precipitate formed 
by the addition of fresh serum is significantly 
larger than with heat-inactivated serum. The 
extra amount of protein, which is precipitated as 
the complement activity disappears, has been 
interpreted as representing the fixed complement 
(8, 28, 28, 15, 17, 20). 

In a critical review of the literature on these 
precipitation experiments, however, Marrack 
maintains that no proof has been advanced that 
the extra protein settled out together with the 
precipitates is complement protein. Possibly, 
there may be a question of special proteins pos 
sessing the property of being taken up by antigen 
antibodvy precipitates. 
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Coombs & Coombs also look upon the 
complement fixation as a purely material fixation 
of serum protein to antigen-antibody complexes. 
This interpretation also forms the basis of 
Streng’s conglutination theory. 

Summing up: By means of suitable Coombs 
sera it is possible to demonstrate fixation of 
serum protein to blood cells sensitized with anti- 
body, in the presence of complement. This extra 
amount of protein, assumed to be complement 
protein, enables the demonstration of antigen- 
antibody reaction by the Coombs reaction under 
experimental conditions at which the antibody 
proper on the surface of the blood cells is un- 
demonstrable. This phenomenon may, thus, be 
utilized as a serological method on the same lines 
as the so-called “two-stage antiglobulin test”. 


SUMMARY 

The phenomenon that fresh serum is of signif- 
icance in demonstrating certain antibodies in 
Coombs’ indirect test is analysed. 

By means of selected Coombs sera, the present 
experiments revealed fixation of a thermolabile 
serum factor (serum globulin) to blood cells sen- 
sitized with Lewis antibody. 

Comparing the results of these experiments 
with those of precipitation experiments, the 
author discusses whether the demonstrated 
thermolabile serum factor, being a non-y-globulin 
without antibody properties, is identical with 
complement. 
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ANAEMIA IN DENMARK 


By HENNING LETMAN 


The development during recent vears of new 
methods of haemotologic examination has rendered 
possible a differentiation of the haemolytic an- 
aemias into a constantly increasing number of 
various disorders with different etiology and 
pathogenesis. The distinction of the haemolytic 
anaemias from such anaemias as are due to a 
lowered production of red cells has become vague, 
so that we often do not know whether a given 
anaemia is to be classified as haemolytic or 
aregenerative. 

An investigation on haemolvtic anaemias has 
been carried out for five vears. Mention will be 


From the Medical Outpatient Clinic, Rigshospitalet, 
University of Copenhagen. 

Aided by grants from Statens almindelige Viden- 
skabsfond and the P. Carl Petersen’s Foundation. 


made here only of “true” haemolytie anaemias, 
i.e, anaemias with reticuloevytosis, a high serum 
bilirubin level, and increased erythropoiesis in 
the sternal marrow. The 
which, in addition to a lowered production, also 


numerous anaemias 


show an increased destruction of the red cells, 
have not been included here. 
The following methods of examination have 


been used to classify the cases observed: (1) The 
morphology of the red cells, (2) the 
fragilitv before and after incubation of the blood 
for 24 hours at 37° C., (3) Ha m’s and Crosbv’s 
acid haemolytic tests, (4) examination for auto- 
antibodies with Coombs'’ test, trvpsinized red 
cells and examination in acidified serum, (5) 
determination of the life of the patient’s red cells 
with Cr!5 technique and of normal red cells with 
differential and (6) examination 


osmotiec 


agglutination, 








142 DANISH MEDICAL BULLETIN 


Vol 4 no 





of haemoglobin with electrophoresis and alkali 


denaturation. 





Table 1. 
Number of cases 
2 
s 5 
k en 5 « 
Type of disease ET =£ 
EN es 
eSER s& — 
SE EL S 
zes ES © 
LOCT a as 
Congenital haemolytic 
anaemias 
1) Hereditary spherocytosis. I 2 3 
2) Probable hereditary 
spheroeytosis 0 2 2 
3) Hereditary haemolvtic el- 
OE dre es 1 1 2 
4) Thalassaemia major .……. 0 | 1 
>) Congenital non-spherocy- 
tie haemolytic anaemia … 0 1 1 
Aecquired haemolytic anaemias 
6) Paroxysmal nocturnal 
haemoglobinuria .………..... I 1 2 
7) Immune haemolytic 
anaemia idiopathic ………. 8 4 12 
tnt en 3 9 6 
8) Corpuscular acquired hac- 
molytic anaemia with de- 
creased osmotic fragility 0 | Ì 
9) Corpuscular acquired hae- 
molytic anaemia with in- 
creased osmotic fragilits 0 | 1 
Total number …………. ak ben 14 17 31 





Table 1 shows the tvpes of haemolvtic anaemia 
observed and their frequency. Only new cases are 
recorded. During a period of 3% vears we ob- 
served in Odense Countv and Citv Hospital, which 
is the onlv medical hospital in the county of 
Odense and which takes care of a population of 
about 230,000, a total of 14 cases of haemolvtic 
anaemia. The total of medical patients per vear 
in the two medical departments is about 3200. 
Eleven of these cases of haemolvtic anaemia were 
of the auto-immune tvpe. As patients with leukaec- 
mia and other malignant disorders are mostlv 
admitted to the cancer hospitals, onlv few cases 
of immune haemolvtie anaemia secondary to such 
disorders were seen bv us. 

Seventeen patients were observed in different 
medical departments. In all, 31 
amined; 18 of these were cases of immune haemo- 
Ivtic anaemia. 


cases were ex- 


Thalassaemia major has not been previously 
demonstrated in Scandinavia. One of our patients 
presented a clinical picture which corresponds to 
this disease in all respects. Both parents were 
in good health, but their red cells showed a low- 
ered osmotic fragilitv after incubation for 24 
hours at 37° C. 

The patients of Groups 8 and 9 may be men- 
tioned in greater detail, since, apparently, such 
described. 


cases have not been previously 


The patient of Group 8 was a man who had been 
previously in good health and had no predisposition 
for diseases of the blood. From the age of 54 he had 
had anaemia, which had now persisted for 7 vears. 
The haemoglobin level had been about 7.5 g per 100 ml. 
General physical examination showed no enlargement 
of spleen, Ivmph 
vestigations: MCHC 32 per cent (normochromic), MCV 
105 43 reticuloeytes 2.5 per cent =— 
0.065 million per mm”. Bilirubin 1.3 mg per 100 ml. 
Bone marrow: maximally hyperplastice with 50 per 


liver or glands. Laboratory in- 


Gmacroecyvtic), 


cent of ervthroblasts. Ham’s and Crosby’s tests nega- 
tive. The osmotic fragilitv was slightlv decreased and 
more so after incubation at 37° C. Antibody examin- 
ations negative. Duration of life of red cells: normal! 
cells 96 davs, patients red cells about 10 davs. The 
haemoglobin was of the normal adult tvpe. Cortisone 
treatment was attempted without effect. Splenectomy 
was advised but not accepted. 

The case was thus one of acquired corpus- 
cular haemolytic anaemia with lowered osmotic 
fragilitv. The low reticuloevte figure was not in 
accord with the calculated production of red 
cells, which was about 5—6 times the normal. 

The patient of Group 9 was a woman, aged 33, who 
had been previously in good health. No cases of blood 
disease in her family are known. During the whole of 
her first pregnancy she had had anaemia with hae- 
values about 10 g per 100 ml. Moderate 
parturition. Physical ex- 
conditions, especially no 


moglobin 
after 
normal 


anaemia persisted 


amination showed 
enlargement of the spleen. Laboratory investigations: 
Reticuloeytes 4.5 per cent 0.136 million per mm’. 
serum bilirubin 0.5 mg per 100 ml. The morphology of 
the red cells was normal. Bone marrow: Normoplastic. 
with 27 per cent of ervthroblasts. Osmotie fragilits 
increased, antibody examinations negative. Ham’s and 
Crosby’s tests negative. Survival of normal red cells 
was normal (111 days), survival of the patient’s own 
red cells was reduced for about *2 of the cells (13 


days), normal survival of the rest. 
The case of congenital non-spherocytic, hae- 


molytie anaemia observed will be published else- 
where. The red cells were of very varving size 
and shape, and about 2 % of them contained iron- 
staining granules as described by Mills et al. 

The cases of immune haemolytic anaemia will 
be mentioned in greater detail in an ensuing 
paper. 

Treatment with cortisone gave complete remission 
with a rise in the haemoglobin level to 16 g per 100 ml 
After discontinuance of the treatment the patient soon 
developed a recurrence. 

The case was thus one of acquired corpuscular 
haemolytie anaemia with increased osmotic fra- 
gilitv. The beneficial effect of cortisone might 
weigh in favour of the diagnosis immune haemo- 
Ivtic anaemia. It was not possible to demonstrate 
antibody in repeated examinations. If present, il 
would have been specifically directed against the 
patient’s red cells. 


SUMMARY 
During a 5-vear period, 31 cases af haemolytic 


anaemia have been observed; there were 18 cases 
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of auto-immune haemolvtic anaemia and 5 of 
hereditary spherocvtosis. The remaining 8 cases 
were different rare tvpes of haemolytic anaemia, 
including a case of thalassaemia major, which 
has not been previously observed in Denmark. 
Two cases of acquired corpuscular haemolvytic 


AUTO-IMMUNE 


anaemia of a hitherto unknown tvpe are de- 


scribed. 
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HAEMOLYTIC ANAEMIA 


By HENNING LETMAN 


Eighteen patients with immune haemolytic 
anaemia have been followed for five vears with 
antibodv studies. The patients of the first three 
vears were treated in Odense County and City 
Hospital, while those of the last two vears were 
dealt with in Medical Department A and the Me- 
dical Outpatients Clinic, Rigshospitalet, Copen- 
hagen. 


METHODS 

The serum was separated from blood which 
had coagulated at 37° C. The red cells used were 
from defibrinated blood or citrate blood and were 
washed 3 times with an isotonic saline solution 
a 37° CG. 

Coombs’ test was performed both bv Statens 
Seruminstitut, the Blood Group Department, and 
bv the writer himself, with two different anti- 
globulin sera. 

The patients’ own red cells and normal red 
cells of the same ABO and Rh tvpes were used 
in the examination for agglutinin and haemolyvsin 
in serum. Fresh serum of patients was always 
used. 

An 0.1 per cent pure trypsin 
was used for trypsinization of the red cells. 0.2 
ml of packed red cells was treated with 10 ml 
of trypsin solution. Incubation for half an hour 
at 37° C. was followed by washing twice in iso- 
tonie saline solution. 

The haemolysin examination 
with a 4 per cent suspension of trypsinated red 
cells added to equal volumes of undiluted and 
doubling dilutions of the patient’s serum in fresh 
normal serum. A 2 per cent suspension of tryp- 
sinated red cells added to equal volumes of 
undiluted and doubling dilutions of the patient’s 
serum in isotonic saline was used in the agglutinin 
examination. Agglutination was read after 3 
hours’ incubation, haemolysis after 1 hour at 
4° and 37° C. respectively. Control was made 
with trypsinized red cells in normal serum and 
in isotonic saline solution. 


(trypure Novo) 


was performed 


From the Medical Outpatients Clinic, Rigshospitalet, 
University of Copenhagen. 

Aided by grants from Statens almindelige Videnskabs- 
fond and the P. Carl Petersen’s Foundation. 


and agglutinin 
cells. 


Examination for haemolvsin 
was also performed with untreated red 
Undiluted patient’s serum and doubling dilution 
of the patient's serum in fresh normal serum 
were mixed with 1/10 volume of 1/3 N hvdro- 
chloric acid and 1/20 volume of packed red cells. 
The agglutination reaction was performed in the 
same manner, but with a 33 per cent suspension 
of red cells. Readings were taken after 1 and 3 
hours respectively. 

The osmotic fragilitv was determined with a 
modification of Parpart's technique (1, 2). 


RESULTS 
Table I shows the results of the antibodv 
examinations before and after spontaneous or 
therapeuticallvy induced remission. 


ETIOLOGY 


Twelve out of the 18 cases were “idiopathic” 


(one, however, later developed disseminated 
lupus ervthematosus), and the 6 cases were 
secondarv to other diseases; one of these was 


secondary to infectious mononucleosis, two were 


secondary to Ivmphosarcoma and Ivmphatic 
leukaemia respectivelv, one case developed in the 
course of thallium poisoning, and one case was 
secondary to glomerulonephritis. Relative reticulo- 


cytopenia was found in the last case. 


ANTIBODY EXAMINATIONS 

Coombs’ test was negative in 4 out of the 18 
cases and verv weak in one case. This applies 
to red cells washed with saline solution at 37° G.; 
when the cells were washed with saline solution 
at 22° C., Coombs’ test also became positive in 
Case 4 with cold agglutinin. Most authors find 
a positive Coombs’ test in all or in most cases; 
Dameshek (3), for instance, in all his 43 
and Dacie (4) in all his 48 
found that Coombs’ test 


cases, cases. In 
(5 a) 
became negative during 
agglutinin could still be demonstrated with tryp- 
sinized red cells. All the patients mentioned here 
anaemia at the time of 
with 


one case, Dacie 


remission, whereas 


haemolvtiec 
except perhaps for Case 13 


had active 
examination, 
beginning remission. 
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Table 1. The figures give the titre, above the line before treatment 





Case No. 
age-sex 


60 


Cause 


idiopathic 


acute 


idiopathic 


acute 


idiopathic 
acute 


idiopatic 
acute chronic ? 
idiopathic 
chronic 
idiopathic 
chronic 
idiopathic 
chronic 
idiopathic 
chronic 


idiopathic 


chronic 


idiopathic 


chronic 


idiopathic 
chronic 
later L.E.D. 


idiopathic 


chronic 


idiopathic 


chronic 


mononucleosis 


acute 


Iymphosarcoma 


chronic 


lvmphatic 
leukaemia 


thallium poisoning 


acute 


chronic nephritis 
chronic 


Direct 


Coombs’ test 


Spontaneous 
agglutination 
in patient’s serum 


(+) at 37° 
0 


at 220 


Normal red cells 


in acidified serum at 37° 


heemolysin agglutinin 
0 0 
Li 0 
2 
0 
0 
8 16 
0 — 1 0 — 4 
4 2 
4 2 0 
0 0 
0 0 
8 — 64 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
32 
0 
32 — 16 
0 0 
0 0 
0 0 
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and remission, below the line after treatment and remission. 





Trypsinated normal red 
cells in patient's serum 


Treatment 





haemolysin agglutinin 
Am Mn mT 
1024 | 
® ° 128 | 
on í | 
| 
0 0 0 0 | 
| 
| 
128 | 
4 4 0 = 
0 1 128 
. 8 4 60000 | 
0 0 64 
0 0 e | & 
64 | 
0 0 0 0 
0 0 0 0! 
+ 0 0 1024 | 
0 0 0 0 
. 
: 0 0 0 
| 
0 0 0 0 
0 0 32 32 
0 0 LU 0 
0 4 o 128 
4 64 
0 0 0 0 
0 0 0 0 
2 
2 0 0 
0 
0 0 0 0 | 


ACTH for 13 days 


ACTH-cortisone 
for 18 days 


no 


cortisone for 30 days 


cortisone in 160 days 


ACTH and cortisone 
for 380 days 


ACTH and cortisone 
for 2 years 


cortisone 300 mg daily 


ACTH for 7 days 


prednisone for 2 years 


ACTH for 4 weeks 
splenectomy 


splenectomy prednisone 
maximal 100 mg daily 


prednisone 


no 


cortisone for 40 days, 
afterwards X-rays 


cortisone 


no 


Connexion between remission and 





Result Coombs' test 
Í an 
spontaneous 
ee. Fe | agglutination 
lasting remission d 
00 
(2 years) 6 
lasting remission 
good 
(2 years) 
spontaneous remission 
" good 
in 1 month 
lasting remission good 
lasting remission fair 
lasting remission 
good 
(2 years) 
remission during n 
fair 
treatment 
dead 
transient remission 
partial remission 
during treatment 
no improvement during 
ACTH, after splenectomy | bad 
remission 
after splenectomy 
transient remission. 
Improvement 
during prednisone 
remission during 
treatment 
spontaneous remission 
in 10 days 
lasting remission good 
remission, relapse after 
good 


cessation of treatment 


spontaneous remission 


Free antibodies 


good 


good 


good 


fair 


good 


good 


bad, but not 
examined before 
beginning remission 


bad 


good 








* only against own red cells 
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Dausset (6) described 


haemolytic anaemia with negative Coombs’ test 


and agglutinin in the serum 


of the patients’ red cells with trypsin technique. 


Davidsohn (7) found a 


test but agglutinin in the serum of 5 out of 38 
patients; Apparently, Coombs' test was negative 
particularly in patients treated with cortisone. 
In two of our cases with a negative Coombs’ 
test both with severe haemolvytic 
a strong cold agglutinin was found, in one case 


with a very high titre and 
amplitude. It is astonishing 


was negative in this latter case. 

In the two other cases with negative Coombs’ 
test, only haemolysin was demonstrated. Unques- 
tionable cases of haemolytic anaemia with haemo- 
Ivsin and without agglutinin do not seem to have 
been described in the literature. 
other respects, too, both of these 
peculiar. One patient developed 
anaemia in the course of thallium 
While the haemolytic factor in the patient’s se- 
rum disappeared, the life of the red cells also 
became normal. The other patient had a typical 
acquired chronic haemolytic anaemia. A haemo- 
Ivtie factor could be demonstrated in the serum 
with the patient’s own red cells after a 10 minute 


trvpsin treatment. The red 


was considerably decreased. 


Ivsin and that of agglutinin 


C., whereas there was onlv a 


agglutinin. 

Haemolvsin was demonstrated 
out of the 18 patients. Dacie 
out of 19 patients a cold haemolyvsin, and in 6 
out of 12 cases he found besides agglutinin also 
a “warm” haemolvsin active against trypsinized 
red cells. 





haemolvsed in normal serum with the usual 30 
minute trvpsin treatment. This, of course, makes 
the demonstration of haemolysin 
doubtful. The fact that cortisone gave a partial 
remission, while at the same time the haemolytic 
factor became weaker, renders probable that the 
haemolvtic anaemia had actually been caused by 
haemolysin. Many different samples of 
red cells of the same type as those of the patient 
have been used in the antibodvy examination with 
negative results. Correspondinglv, the duration of 
life of normal, transfused red cells was practically 
normal, whereas that of the patients red cells 


Haemolvsin was demonstrated (simultaneously 
with agglutinin) in 5 cases in acidified serum at 
37 C. Onlv in two cases was the titre of haemo- 


indicating that only a single antibody was con- 
cerned. In one patient (Case 3), who had haemo- 
globinuria, a haemolvsin was found which was 
active at all temperatures, whereas 
weak agglutinin was active only below 30 
another patient (Case 9), who died in haemolytic 
crisis, a powerful haemolysin was found at 37 





TREATMENT WITH ACTH AND CORTISONE 

Spontanous remission was hoped for at al 
times. Treatment was instituted only when the 
disease proved to be chronic or the condition 
became risky. ACTH was used in the first time, 
later only cortisone or prednisone. At the be- 
ginning of the treatment the doses were high, 
200— 300 mg of cortisone daily. 

Spontaneous remission occurred in three cases, 
Fourteen were treated with ACTH, cortisone or 
prednisone. In 9 of the cases, complete remission 
occurred in the course of treatment. In four of 
these, treatment could be discontinued in a short 
time without recurrence. In the other five cases, 
treatment with moderate doses for up to several 
vears was required. Improvement, but not com- 
plete remission, was seen in three cases in the 
course of treatment. In two cases no effect of the 
treatment was seen. One of these patients died 
in haemolytic crisis. (Case No. 8). 

Dameshek (3) treated 43 cases of haemo- 
Ivtice anaemia with ACTH and cortisone. In 28 
cases, complete remission was obtained, 12 cases 
improved, and in 3 cases there was no effect. 
When treatment was discontinued, recurrences 
were seen in 15 out of the 23 cases with complete 
remission. 


SPLENECTOMY 

Splenectomy was done in only two cases, in 
one with transitory effect; in the other case 
spleneetomy was followed by gradual remission 
of the haemolytic process, but this was replaced 
by a clinical picture with a high temperature 
for a prolonged period; joint affections, pleural 
effusion, decubitus and abscesses, probably dis 
seminated lupus erythematosus. Before splenecto- 
my there had been no symptoms of this disease 

In 1955 Giraud (9) described the case of 
a child with immune haemolytie anaemia who 
following splenectomy, developed joint affec- 
tions, pleurisy and myocarditis, and in 195 
Dameshek (10) reported 3 cases developing 
disseminated lupus erythematosus after splenec- 
tomv for haemolytic anaemia and thrombocyto- 
penia. These cases might suggest that the spleen 
exerts a protective effect against the collagenoses 


ANTIBODIES AND COURSE OF THE DISEASE 

In seven out of 11 cases there was good accord 
between the intensity of Coombs’ test and the 
course of the haemolvtie process; one cast 
showed insufficient accord. In five out of eight 
cases there was good accord between the titre 
of the free antibodies and the haemolytie process: 
two cases showed insufficient accord, but ont 
of these patients was not examined until after 
remission had begun. In 19 out of 24 cases 
Dameshek (3) found distinct reduction botl 
of the titre and the intensity of Coombs’ tes 
during remission; in three of these cases, Coombs 
test became negative. In 19 cases with “warm 
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agglutinin in the serum, this disappeared in 8 
cases, and in the others the titre was reduced 
during remission. 


OTHER INVESTIGATIONS 
A false Wassermann reaction was found in four 
of our patients (Case Nos. 3, 5, 9 and 14). This 


phenomenon in haemolytic anaemia is well 
known (5 b). 
The osmotic fragilitv of the red cells was 


increased to a varying degree in 14 of the cases, 
and in further two cases the fragility was ab- 
normal after incubation at 37° C. The osmotic 
fragility was completely normal in only two cases. 
It decreased during the treatment with cortisone, 
especially in the cases where it had been much 


increased. 
SUMMARY 
Eighteen cases of immune haemolytic anaemia 


were followed with antibody examinations during 
spontaneous remission and in the course of treat- 
ment with ACTH and cortisone. 

Coombs’ test was found to be negative in 4 
vases. In two of these, which were also peculiar 
in other respects, only a haemolysin was demon- 
strated. 

There was good accord between the intensity 
of Coombs’ test and the haemolytie process in 7 
out of 11 cases, and in 5 out of 8 cases there was 


NON -REACTIVE 


MILITARY 


good accord between the haemolytic activity and 
the titre of the free antibodies. 

In 16 of the cases an abnormal osmotic fragilitv 
was found. 4 cases showed a false positive Wasser- 
mann reaction. 

Of 14 cases treated with ACTH or cortisone, 
9 showed complete remission; in 4 of these, treat- 
ment could soon be discontinued. Three cases im- 
proved, and 2 cases the treatment was ineffective. 

Following splenectomyv, one developed 
disseminated lupus eryvthematosus. 


case 
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TUBERCULOSIS AND 


MONILIASIS COMPLICATING SEVERE GRANULOCYTOPENIA 


TREATED WITH ACT H 


AND CORTISONE 


By A. STENDERUP and INGEBORG MAACK BISGAARD 


Prolonged treatment with ACTH and cortisone 
is not without problems. One of these is the in- 
creased possibility of infections. Thus, during 
recent years some reports have been published 
on miliary tuberculosis which seems to have 
arisen during treatment with ACTH or cortisone. 

The tissue reaction in the tuberculous foci in 

such patients has sometimes been so slight that 
the cases may be characterized histologically as 
non-reactive tuberculosis. This may be defined 
as a form of tuberculosis in which many organs 
contain miliary neerotie foei surrounded by 
From the Institute of General Pathology (Director: 
Professor J. Bichel) and the Department of Medicine 
C (Director: Professor C. Holten), Kommunehospitalet, 
University of Aarhus, Denmark. 
Aided by grants from the Anders Hasselbalch Anti- 
Leukaemia Foundation and Carl Schepler and Wife’s 
Bequest, the Irma Foundation, and the Danish Anti- 
Cancer League. 





normal parenchymal cells, or in which there are, 
at most, only slight traces of a tvpical tuberculous 
tissue reaction. 

However, non-reactive tuberculosis was known 
before the introduction of ACTH and cortisone 
into clinical medicine. In 1954, O’Brien collected 
66 cases from the literature (from 1888 to 1950). 
From his survey it appears that 61 of the patients 
had some disorder of the haematopoietiec system, 
including not less than 22 with agranuloeytosis. 

In the Department of Medicine C, Aarhus Kom- 
munehospital, we have had a patient with granu- 
loeytopenia who was treated with ACTH and 
cortisone; during the treatment miliary tubercu- 
losis developed, but was not diagnosed until post 
mortem. Since both the granuloeytopenia and the 
hormone therapy may have been contributory 
factors in the development and course of the tu- 
berculosis, we find that it will be of interest to 
publish the case. 
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CASE REPORT 
The (114/54) was an unmarried female 
textile worker, aged 56, who was admitted to this 
because of pyelonephritis on October 2, 


patient 


department 
1953. 

At the age of 10 she had had scarlet fever without 
complications. At 21 she had had “rheumatic fever”; 
she had then been ill in bed for 3 weeks at home, but 
there were no cardiac reactions. There was no history 
of tuberculosis. 

Six weeks before admission she had a fever attack 
with dysuria. She was treated with Lucosil (2-sulpha- 
nilamido-5-methyl 1, 3, 4-thiodiazol, total dose 18.5 
g); during this therapy blisters in the oral mucosa 
developed. Two weeks had another fever 
attack, this time without dysuria, but examiniation of 
the urine by her physician showed pyelitis, for which 
she was treated with penicillin. One week before ad- 
mission fever recurred for the third time, accompanied 


later she 


by general weakness and vomiting. 

On admission the patient revealed a high fever with 
granulocytopenia and anaemia. E.S.R. 151 mm/hour, 
Hgb. 52 per cent, RBC 2.3 mill./mml, WBC 1300/mml 
with 18 per cent without immature 
forms. There was no thrombocytopenia. Sternal biopsy 
(Oct. 12) showed isolated hypoplasia of granulopoiesis 
(J. Bichel). Mild pvuria (10 to 15 leucocytes per 
field) was present, and cultures of the urine showed 
growth of numerous lactose-fermenting, Gram-negative 


granulocytes 


rods. 

The patient was given 
transfusions. The temperature 
within a week. As there were no signs of spontaneous 
improvement in the haematological status after the 
lapse of a fortnight, steroid therapy was commenced 
on Oct. 17; she was given 20 mg ACTH three times 


blood 
normal 


penicillin and two 


returned to 


daily and, from the next day, also a daily dose of 
15 mg cortisone. Three weeks after the 
patient became subfebrile, with a few attacks of high 
fever. A course of terramycin therapy extending over 
16 days was given a trial; penicillin was then resumed 
and given until death, periodically supplemented by 
streptomycin. In spite of this treatment several 
abscesses developed during the next few months, some 
of them requiring incision. 

During the steroid therapy the sedimentation rate 
temporarily fell to an almost normal level, and the 
blood picture showed transitory improvement. After 
10 days, the WBC count was 5500/mml with 30 per 
cent granulocytes, but then a fall to about 2000/mml 


admission 


with about 30 per cent granulocytes occurred. Sternal 
aspirations throughout the course of the disease 
showed considerable hypoplasia of granulopoiesis. As 
the patient did not seem to derive any benefit from 
the gradually withdrawn 
in January, 1954. At that time, the patient was well 
enough to be up and about, although she still com- 
plained of fatigue. The granulocytopenia and anaemia 
were treated symptomatically with iron preparations 
Marked tachycardia, which 
discomfort to the 


steroid therapy, it was 


transfusions. 
slight 


blood 
only 


and 
caused patient, was 
present. 

In February, 1954, the patient complained of mild 
dyspepsia, which, however, disappeared spontaneously. 
At that time, histamine-fast achlorhydria was demon- 
strated. 

Towards the end of March the patient again became 
febrile and fatigue, but 


complained of progressive 


there were no other complaints or organic symptoms; 





clinically she was surprisingly unaffected in spite 
of the fever. During this period a further fall in 
the granulocytes occurred; the WBC count was 1200/ 
mmlì with about 
the haemoglobin level was maintained at 
per cent by repeated transfusions. 

In April, 1954, the patient complained of dysuria; 
the urine revealed B. proteus, but no pyuria. Penicil- 
lin and dihydrostreptomycin had some effect on the 
temperature, and the urine again became sterile. 
Owing to local phlebitis of the left leg, anticoagulant 
therapy with dicoumarol was instituted at the same 
time and continued for 6 weeks. 

On May 6, 1954, the haematological status was still 
poor; E.S.R. 106 mm/hour, WBC 1100/mml with 28 
per cent granulocytes, Hgb. 60 %, RBC 2.50 mill./mml, 
and the fever persisted. Steroid therapy, 20 mg ACTH 
four times daily, was resumed. This resulted in a 
prompt fall in temperature, but a fortnight later it 
rose again and remained elevated with great fluctu- 
ations. This time the steroid therapy did not result 
in any improvement in the haematological status; on 
the contrary, the WBC count fell to 500, 400 and, on 
June 12, even to 300/mml with 17 per cent granulo- 
cytes. 

On May 20, 1954, the patient noticed for the first 
time pulmonary symptoms in the form of pleural pain 
in the axilla and on the posterior thoracic surface 
on the right side. Almost simultaneously moderate air 
hunger and sweats developed. 

White plaques on the oral mucosa were noticed on 
June 7, and cultures of these showed the presence 
of Candida albicans. On June 12, the plaques re- 
mained unchanged, and the next day the patient had 
high fever and was critically ill. Terminally, symptoms 
of cardiac insufficiency developed and remained un- 
changed in spite of intravenous administration of 
strophanthin. Death occurred on June 14, 1954. 
Autopsy. 

Autopsy showed bilateral exudative pleurisy, peri- 
carditis and mild Pulmonary oedema and 
congestion with atelectatic areas were present. Two 
gastric ulcers and hyperplasia of the adrenals were 
revealed. The red showed considerable 
hyperplasia. On the peritoneum, especially on the 
upper parts, whitish plaques were present. 

The following histological findings are of special 
interest: — 


24 per cent granulocytes, whereas 
about 70 


ascites. 


also marrow 


The examination revealed pronounced granuloecyto- 
penia and atrophy of the lymphoid tissue of the nodes 
and spleen. In addition, the liver, spleen, lymph nodes, 
peritoneum and lungs showed numerous small necrotic 
foci of a somewhat uncharacteristic appearance, with- 
out surrounding cellular or tissue reactions. A very 
slightly uncharacteristic 
giant cell in one of the hepatice necroses. Epitheloid 


thorough search revealed a 


cells were absent everywhere. 

Direct microscopy of specimens of the necrotic foci 
and the extensive necroses in the lymph nodes, stained 
by the Ziehl-Neelsen technique, revealed myriads of 
acid-fast bacteria, which tinctorially and morphologi- 
cally were exactly as tubercle bacilli (T. Lund). 

All the organs were stained by the periodic-acid- 
Schiff method with a view to the occurrence of fungus 
foci. 

Gastric tissue originating from the vicinity of the 
cardia, at which one of the aforementioned ulcers was 
observed, was removed for microscopy. The ulcer was 
deep, covered by a crust, and extended 


large and 
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down to the serosa. Both the crust and the ulcer 
contained accumulations of spores and myecelia, the 
appearance of which corresponded to that of Candida 
albicans. There were no granulomata. Only a small 
number of Iymphocytes and a few plasma cells were 
present. The remaining organs did not reveal any 
fungi. 


Epicrisis. 

A woman, aged 56, with granulocytopenia of 
long duration was treated with ACTH and corti- 
sone for two periods of 3 months and 5 weeks, 
respectively. In addition, she was given prolonged 
antibiotic therapy. Miliary tuberculosis developed 
but was not diagnosed during life. Pulmonary 
symptoms did not occur until about 3 weeks prior 
to death. The cause of the granulocytopenia could 
not be established, but the administration of Lu- 
cosil may have been responsible for this disorder. 
The diagnosis of miliary tuberculosis was made 
exclusively on the basis of the microscopic dis- 
closure of acid-fast rods observed in the organs 
post mortem. No cultures were made, but it can 
scarcely be doubted that the rods were tubercle 
bacilli. 


DISCUSSION 
The development of miliary tuberculosis in 
this patient merits further considerations because, 
as already mentioned, both the granulocytopenia 
and the steroid therapy may have been contribu- 
tory factors in the activation and spread of a 
possibly pre-existing tuberculous infection. 


Even though granulocytopenia may be seen in 
miliary tuberculosis, it seems unreasonable to 
assume that tuberculosis was the primary disease 
in this case. It is known that a tuberculous in- 
fection may be aggravated during steroid therapy 
(American Trudeau Society 1952, Johnson & 
Davey 1954). However, the danger of stimu- 
lating a tuberculous infection bv ACTH and cor- 
tisone therapy is reflected much more clearly by 
the fact that development of tuberculosis during 
this treatment has been observed in cases in 
which no such infection had been suspected. 
Johnson & Davey (1954) found reports on 
a total of 13 patients in whom this occurred. The 
past history revealed no information as to a previ- 
ous tuberculous infection in eight of the patients, 
whereas such information was present in the 
remaining five. Hill & Kirschbaum (1956) 
reported a case in which miliary tuberculosis 
developed during prolonged cortisone treatment 
in a patient suspected of lupus erythematosus; no 
tuberculous focus had been suspected beforehand. 


In several cases, the aforementioned authors 
found that histologically the tuberculous processes 
were of a non-reactive character, which is in 
agreement with our own observations. 

It must be assumed that our patient had a 
latent tuberculous focus, but it is difficult to say 


at which time the tuberculosis actually developed. 
No chest roentgenograms were taken, and mani- 
fest pulmonary symptoms did not develop until 
during the second period of hormone therapy, 
about 3 weeks prior to death, but the patient was 
also subfebrile during the first period of hormone 
therapy, and this fever could be only partially 
explained by the periodically occurring absesses, 
phlebitis and urinarv infection. 


During the periods when hormones were ad- 
ministered, these drugs may very well have 
masked the clinical symptoms of the tuberculous 
infection; on the other hand, it would then be 
reasonable to expect an aggravation of the symp- 
toms in the interval between the two periods 
of hormone therapy, which was centainly not 
observed. 


However, other factors may have been of im- 
portance in the development of non-reactive 
tuberculosis in this patient. As previously pointed 
out, O'Brien collected 66 cases of non-reactive 
tuberculosis from the literature. Of the patients 
concerned, 22 had agranulocytosis. In this con- 
dition, the resistance of the organism to infections 
is greatly impaired, which is evidenced, inter alia, 
by the fact that the clinical course of granulo- 
cytopenia is often characterized by serious re- 
curring infections. Thus, several factors may ex- 
plain why a latent tuberculous focus may become 
active, and why the tissue reaction is so inconspic- 
uous. In the present case, it cannot be said 
whether is was the hormone therapy or the gran- 
uloeytopenia that conditioned the activation of 
the tuberculosis, but it may be supposed that both 
have been contributory. 


It is not surprising that the disease in our 
patient was complicated by a mvcotic infection 
of the oral cavitv and the stomach. The disorders 
in question, in which the normal defence mecha- 
nism of the organism is impaired by the granulo- 
cytopenia and the steroid therapy, give favourable 
conditions for infection with fungi of low viru- 
lence, such ac Candida albicans. The antibacterial 
treatment may also have been instrumental in the 
fungus infection. In O'Brien'’s series, four 
patients with non-reactive tuberculosis had a co- 
existing myvcotic infection, and Bratlund & 
Holten (1954) have emphasized the importance 
which ACTH and cortisone treatment may be as- 
sumed to have in monilial infections. 


SUMMARY 

A case of non-reactive miliary tuberculosis and 
moniliasis in a 56-vear-old woman, who was 
treated with ACTH and cortisone because of gran- 
uloeytopenia, is reported. Both the granulocyto- 
penia and the hormone treatment may have been 
of importance in the development of tuberculosis 
and the atvpical histological picture of the tu- 
berculous processes. 
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Several authors have reported cases in which 
tuberculosis occurred as a complication of steroid 
therapy in patients who also had granulocytope- 
nia. As granulocytopenia in itself may be of im- 
portance in the development of tuberculosis, 
steroid treatment cannot always be incriminated 
as the causative factor. It will therefore be justi- 
fied to examine the blood and bone marrow before 
a course of steroid therapy is instituted. 
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ANAEMIA IN HODGKINS DISEASE 
AND CHRONIC LYMPHATIC LEUKAEMIA 


By KAJ BJORN JENSEN 


Anaemia is a very common symptom in ma- 
lignant systemic disorders and therefore demands 
considerable attention. Previously, it was believed 
that the most essential cause of anaemia, apart 
from haemorrhage, was a defective erythropoiesis 
(6, 7, 18) produced either by infiltration into the 
bone marrow and the resultant displacement of 
the haematopoietically active marrow or, possibly, 
by a deficiency in factors which are necessary 
in normal erythropoiesis. On the other hand, 
haemolysis has until recently played only a minor 
part in the conception of the pathogenesis of 
anaemia. 

After the introduction of Ashby’s method for 
determining the survival time of red cells and the 
subsequent use of radio-active isotopes in the 
evaluation of the production and destruction of 
these cells, it has, however, been realized that 
increased erythrocyte destruction, i.e, haemoly- 
sis, plays a considerably greater part in the de- 
velopment of anaemia than has previously been 
assumed (1, 3, 4, 5, 10). 

At the Anti-Caneer Centre, Aarhus, we have de- 
termined the survival time of red cells labelled 
with Crö! in a number of patients with Hodgkin’s 
disease and chronic Iymphatic leukaemia. 


METHODS 

Red-cell survival. — The method used does not 
differ essentially from those deseribed by other 
authors (12, 14, 15). An amount of 25 ml of venous 
blood was taken into a syringe wetted with he- 
parin and delivered into a rubber-capped cen- 
trifuge tube containing about 3 ml of ACD so- 
lution. NasCr3!04 was then added in an amount 
corresponding to about 100 microcuries of Cr3!. 
After being left at room temperature for about 
45 minutes, the mixture was centrifuged. The red 
cells were washed once in ice-cold physiological 
From the Anti-Cancer Centre (Director: Professor C. 
Krebs), and Haematological Department (Professor 


J. Bichel), University of Aarhus, Denmark. 


saline and then resuspended in physiological 
saline added to provide the original volume; 10 
ml of the suspension was injected into the sub- 
jects to be studied. 

Blood samples were withdrawn at suitable inter- 
vals after the injection. The activity in these 
samples was measured by a scintillation counter 
with a Well erystal. The results are given in 
cpm/ml whole blood corrected for physical decay 
and converted into a percentage of the activity 
of the first blood sample and then plotted against 
time on semilogarithmic paper. 

As just stated, the activity is given per millilitre 
of whole blood and not per millilitre of red cells, 
which might perhaps have been more correct. 
However, this would require correction for vari- 
ations in the amount of circulating red cells 
caused by variations in the production of new 
cells (15). To give comparable results it must be 
required, in measuring the activity per millilitre 
of whole blood, that the blood volume is kept 
constant during the experimental period. Ob- 
viously, this is possible only with a certain ap- 
proximation, especially in patients of this type, 
but I believe that it will nevertheless be permis- 
sible to use this method if only blood transfusions, 
to the greatest possible extent, are avoided during 
the experimental period or, at least, withdrawal 
of blood samples is avoided shortly after the 
transfusions. No corrections were made for Crö! 
in the plasma, since it has been shown that extra- 
cellular Cr3! is present only in negligible amounts 
and disappears almost completely from the cir- 
culation within a very short time. 

In agreement with the observations of other 
investigators (2, 8, 14, 16), we found that the 
activity decreased more rapidly during the first 
two days than later, where the semilogarithmic 
curve became almost rectilinear for a long 
distance. 

The half-life (T1/,) for the straight part of the 
curve is usually used as a measure of the red- 
cell survival time. 
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Table 1. 
Survey of the case material. 
de î : Cr°* - Ti, Direct Coombs’ Hgb., Reticulocyte : - Bone-marrow 
vans Diagnosis in days ” test %o count, %% Spleen erythropoiesis 
| H.d. 16 neg. 58 2.4—0.3 Admixture of peripheral blood 
ij) H.d 4 neg 70 0.8 0 Normal 
3 H.d p neg 79 0 Normal 
| H.d. 13 neg. 50 0 Normal 
5 H.d. 28 neg. 68 0.1 0 Granulopoiesis hyperplastic; 
erythropoiesis normal 
6 H.d. 22 neg. 67 - H+ ‘Granulopoiesis hyvperplastic; 
erythropoiesis normal 
ij H.d. 20 Blood group: 68 0.6 ; Granulopoiesis hyperplastic; 
Rh ede/ede erythropoiesis normal 
Serum: anti-D 
Coombs neg. 
8 H.d. 12 neg. 658 0.2 0 
ij H.d.? 20 neg. 85 0.3 0 Normal 
(Malignant 
thymoma) 
10 H.d. 28 neg. 11 0.4 0 Very intense erythropoiesis 
11 Chr. 1. 1. ? pos. — neg. 47 0.5 Splenee- Almost exclusively Ivmpho- 
tomized cvtes 
12 a {Chr. 1.1. 7 neg. 50 0.2 Splenec- Almost exclusively Ivmpho- 
| tomized cytes 
12 b Chr. 1. 1. 27 neg. 62 0.9 Splenec- 
tomized 
13 Chr. 1. 1. ? neg. 63 0 Erythropoiesis normal? 
4 Chr. Ì. 1. 6.5 neg. 55 0.6 0 Almost exclusively Ivmpho- 
cytes 
15 Chr. 1. 1. 17 Weakly pos. 61 0.5 0 Almost exclusively Ivmpho 
— neg. eytes 
16 Chr. 1. 1. 9 neg. 58 0. 0 Almost exclusively 1vmpho- 
cytes 
17 Chr. 1. 1. 18 neg. 59 0.2 Lt Almost exclusively Iympho- 


cytes 





Key to abbreviations: H.d., Hodgkin’s disease; Chr. 1.1, chronic Iymphatic leukaemia. 
spleen is indicated as follows: 0, no palpable enlargement; 
extending down to the level of the umbilicus; 


costal margin; + +, 
umbilicus. 


Only two normal subjects, i.e. patients with- 
out any signs of haematological disorders, were 
studied; the T,, values for these were 25 and 27 
days. In agreement with statements in the litera- 
ture, all Ti, values under 25 days were regarded 
as decreased (2, 3, 6a, 14, 16a), even though it was 
realized that the normal values will undoubtedly, 
to some extent, depend on the technique used. 

Other investigations were performed by the 
usual haematological techniques. 


CASE MATERIAL 
The series comprised ten patients with Hodg- 
kin’'s disease and seven with chronic Iymphatic 
leukaemia. The diagnosis had in all cases been 
confirmed by histological examination of biopsy 
specimens or by blood and bone-marrow studies. 
only about half of the 


The series comprised 


T 
1. 


The size of the 
extending to one fingerbreadth below the 
‚ extending below the level of the 


patients with these disorders admitted during 
the period concerned; as appears from the ac- 
companving table, the series was selected in such 
a manner that it consisted almost exclusively of 


anaemic patients. 


RESULTS 
Determinations of the red-cell time 
were performed in all the patients. In Cases 2, 
3, 11, and 13, it was not possible to determine 
since the experimental 
short for an unquestionable fixation of the path 
of the curve. Of the 10 patients with Hodgkin's 
disease, two (Cases 5 and 10) normal 
red-cell survival times. Three patients (Cases 1, 
4 and 8) showed a definite shortening of T, 
while the shortening of T: was smaller in the 
remaining cases (in Case 6, even doubtful). At 


survival 
were too 


periods 


showed 
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the time of the study none of the patients with 
Hodgkin's disease had shown signs of auto-im- 
munization by the direct Coombs test. The reti- 
culocyte counts were normal in all the cases ex- 
cept No. 1, in which the reticulocyte figure was 
2.4 per cent at the beginning of the investigation, 
but shortly afterwards it returned to normel. 

Bone-marrow studies are not very accurate and 
sannot be expected to provide essential infor- 
mation. One of the patients (Case 10) had a very 
intense erythropoiesis, but nevertheless he had a 
moderate anaemia although his red-cell survival 
time was normal. 

Only three of the patients suffered from splenic 
enlargement at the time of the investigation; there 
was no correlation between the size of the spleen 
and the red-cell survival. 

Among the patients with chronic lymphatic 
leukaemia, only one (Case 12 b) revealed a normal 
red-cell survival time. This patient is identical 
with Case 12a and will be considered in some 
detail below. Two of the patients (Cases 11 and 
15) had a positive Coombs reaction at the be- 
ginning of the investigation, but in both cases the 
reaction became negative during the experimental 
period. The reticulocyte counts were normal in 
all cases. In all the patients except one (Case 13), 
bone-marrow studies showed violent Iymphocytic 
infiltration, which apparently depressed both 
erythropoiesis and granulopoiesis. In Case 13, 
the Iymphocytic infiltration was more moderate, 
and erythropoiesis was estimated to be normal. 
This group of patients did not either show any 
correlation between the size of the spleen and the 
red-cell survival. Owing to haemolytic anaemia, 
splenectomy had been performed in Cases 11 and 
12 with good, but only transitory effect. 
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Fig. 1. 


Brief mention must be made of Case 12. As just 
stated, this patient had been splenectomized be- 
cause his need for transfusions was greatly in- 
creasing. For more than 12 months afterwards 
he was perfectly well, but then he was re-admitted 





with anaemia. His red-cell survival time was 
greatly decreased (Fig. 1, upper curve; TY: = 7), 
After treatment with 5 mg TEM and meticorten 
in large doses, his red-cell survival time was again 
determined (Fig. 1, lower curve). As appears from 
the curve, the activity fell markedlyv at first, but 
then the slope decreased, the curve taking a 
course corresponding to a normal red-cell sur- 
vival. It is this value which is stated under No, 
12b in Table 1. It can scarcely be doubted that 
this reaction was referable to the treatment. 


COMMENTS 
It appears from this investigation that haemo- 
Iysis undoubtedly plays a considerable part in 
the pathogenesis of the anemia in Hodgkin’s dis- 
ease and chronic Iymphatic leukaemia. Auto-im- 
munization as the cause of haemolysis is only of 
minor importance in this series. The significance 
of the spleen cannot be determined on the basis 
of the study; as already stated, no correlation 
between the size of the spleen and the red-cell 
survival was observed in the two groups of 
patients. However, considering the convincingly 
good effect of splenectomy in Case 12, it can 
scarcely be doubted that the spleen plays an 
essential part in the erythrocyte destruction. That 
this destruction may also occur outside the spleen 

likewise appears from Case 12. 


SUMMARY 

Of ten patients with Hodgkin's disease and 
seven with chronic Iymphatic leukaemia, six 
and four, respectively, showed shortened red-cell 
survival times as determined by Cr5!. Signs of 
auto-immunization were observed only in two 
vases of chronic lymphatic leukaemia. The signif- 
icance of splenomegaly is briefly discussed. 
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RECURRENT PNEUMONIA IN MULTIPLE MYELOMA DUE TO 
ACQUIRED FUNCTIONAL HYPO-GAMMAGLOBULINAEMIA 


By SVEN-AGE KILLMANN and ELSE EHLERT KNUDSEN 


Recently we had the opportunity to observe a 
patient with multiple myeloma with an unusual 
history of recurrent pneumonias. The probable 
cause of the low resistance to infections was a 
decreased ability to produce antibodies. 


CASE HISTORY 


Male, born 1885, who had been in perfect health 
and had shown no signs of increased susceptibility 
to infections until the actual disease. In 1952 he was 
admitted to another hospital on account of pronounced 
fatigue. A diagnosis of multiple myeloma was made 
based on hyper-gammaglobulinaemia (66 per cent 
y-globulin of a total serum protein of 9.8 g per 100 
ml) and plasmocytosis of bone marrow (29 per cent 
plasma cells in sternal marrow smear). No treatment 
was instituted. 

In April, 1955, the patient was admitted to the Med. 
Dept. A, Rigshospitalet, on account of recurrent pneu- 
monias. Since 1952 he had suffered from repeated 
episodes of fever (temperature to 40° C.), cough and 
mucopurulent expectoration of a few davs’ to one 
week’s duration. These episodes were diagnosed as 
pneumonias by his physician and responded well to 
penicillin. In 1952 he had had three, in 1953 one and 
from January to April 1955 five pneumonias. 

On admission the patient was febrile (39.8° C, 
he was slightly dyspnoeic and ecvanotice and some 
râles were present over the right lung. Apart from this 
the physical examination was normal. There was no 
deformity of the chest. He soon recovered following 
penicillin treatment. 

Laboratory data: haemoglobin 9.612. g per 100 
ml, WBC 6400, differential count: 48 per cent seg- 
mented neutrophils, 3 per cent stabs and 49 per cent 
Iymphocytes. No leucocyte agglutinins. Platelets 
282,000 per cu.mm. ESR 137 mm/1 hour (Weste r- 
green). The ESR kept on this level during the fol- 
lowing months. Proteinuria was present (0.5 per cent 
decreasing to 0.07 per cent) (Esbach). Serum-urea 
53—37 mg per 100 ml. Urea clearance 36—42 ml per 
minute. Serum proteins 10.4 g per 100 ml. Electro- 
phoresis (Antweiler): albumin + a1:-globulin 21.0 
per cent; az2-globulin 2.7 per cent; g-globulin 3.1 per 
cent; and y-globulin 73.2 per cent. The y-globulin 


Medical Department A (Head: K. Brgchner-Mortensen) 
and the Blood Bank (Head: E. Freiesleben), 
Rigshospitalet, University of Copenhagen. 


peak was tall and narrow. The sternal marrow smear 
showed 59 per cent plasma cells. X-ray examination 
of the chest revealed a slight enlargement of the heart 
and destruction of the eighth rib on the right side. 
The lungs were clear. X-ray examination of spine and 
limbs was normal whereas the pelvis showed some 
halisteresis. 

The patient was discharged on prophylactice peni- 
cillin treatment. He did well until October, 1955, when 
he was readmitted with bilateral bronchopneumonias. 
Again penicillin treatment (4 million units daily) was 
successful. In July, 1956, he was again admitted on 
account of pneumonia. Roentgenogram of chest 
revealed a pneumonia in the right lung and possibly 
a small effusion in the right pleura. Penicillin (2 mil- 
lion units daily) had immediate effect. 

The patient is still controlled. His disease is steadilv 
progressing, a severe halisteresis of the spine has 
developed and he has had a pathological fracture of 
the 11th dorsal vertebra. However, he is still ambula- 
tory and recently made a trip to the Mediterranean. 


Epicrisis: 69 vear-old man with myelomatosis, 
diagnosed in 1952. From 1952 to April, 1955, he 
had 9 pneumonias. Then prophvlaxis with peni- 
cillin was started, apparently with some benefit 
although the patient since then has had 2 pneu- 
monias. 


DISCUSSION 

there was no obvious cause of the 
recurrent pneumonias. Between the pneumonic 
episodes the patient ambulatory and his 
general condition good, anaemia was onlv slight, 
the WBC normal and he was not uraemic. Re- 
peated X-rav examinations of the chest failed to 
reveal a local cause, which was also improbable 
as both lungs had been afflicted and every 
attack responded well to penicillin. Finally, the 
long-drawn course argued against a tumor of the 
lung. 

Clinically the condition strongly 
hvpo- or agammaglobulinaemia. It 
thesized that the great mass of y-globulin (mve- 
loma protein) demonstrated bv electrophoresis 
did not participate in humoral defense mecha- 
nisms and that the concentration of normal anti- 
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body-carrying y-globulin might be decreased due 
to interference of myeloma protein production 
with antibody globulin formation. 

To substantiate this view the patient 
immunized with three injections of a suspension 
of killed S. typhi and S. paratyphi A‚ B and C. 
The Widal test remained negative following this 
immunization. 


was 


It has been shown by Williams &Grabar 
(2) by immuno-clectrophoretie studies that human 
y-globulin determined immunologically cannot be 
identified with -globulin determined electro- 
phoretically. Even with this reservation in mind, 
however, it is a well-established fact that minute 
amounts of normal human serum or y-globulin 
inhibit the reaction of an anti-human-globulin 
serum (Coombs’ serum) with sensitized red blood 
cells, especially if sensitization has been produced 
with an antibody with the electrophoretie velo- 
citv of y-globulins, e. g., with an anti-D. 

If myeloma proteins were antigenically iden- 
tical with normal y-globulins, hyperglobulinaemic 
myeloma sera would be expected to inhibit the 
Coombs’ reaction stronger than a normal serum. 
It is known, however, that the antigens of myvelo- 
ma proteins differ from those of normal y-globulin 
(3). By comparing the anti-human-globulin in- 
hibiting effect of normal sera and myeloma sera, 
it might be possible to estimate the concentration 
of normal y-globulin in mveloma sera. From the 
findings of Williams & Grabar referred to 
above and a possible partial antigenic community 
between normal y-globulin and myeloma globulin, 
this estimate would be expeeted to be a rough 
one only. 


Table 


EXPERIMENTAL INVESTIGATIONS 

One volume of a 5 per cent saline suspension of 
O D-pos. red cells was sensitized with 2 vols, 
of an incomplete anti-D (titer 2000) for 75 min. 
at 37° GC. Myeloma sera were diluted 1:50 with 
saline, and from this dilution a two-fold titration 
was carried out in saline. 

One drop of a strong rabbit Coombs’ serum 
diluted 1:250 with saline (this dilution produced 
maximal agglutination of D-pos. cells weakly 
sensitized with anti-D) was mixed with one drop 
of each dilution of myeloma and control sera. 
Then one drop of a 5 per cent suspension of the 
sensitized red cells (washed 3 times) was added. 
The reactions were made on a plate and read 
after 10 minutes. 

The data given in Table ft show that agglutina- 
tion did not occur with dilutions of normal sera 
less than 1:200. The antiglobulin-neutralizing 
effect of myeloma sera tends to be less marked 
than that of normal sera in spite of a higher total 
y-globulin concentration as determined electro- 
phoretically. Three myeloma sera (J. T., Â.N. and 
K.L.) did not inhibit the Coombs’ reaction when 
diluted 1:50. A repeated titration starting with 
undiluted serum showed that the titer of anti- 
globulin-inhibition (i.e, the highest dilution of 
a serum able to inhibit agglutination of sensitized 
red cells by an antiglobulin serum) was 16, 32 
and 32 respectively. The lowest antiglobulin- 
inhibition titer was shown by patient J.T. who 
suffered from recurrent pneumonias. 

The results show that y-globulins of myeloma 
sera per weight unit have a less antiglobulin- 
neutralizingeffect than normal „-globulin. Whether 


1. 


Antiglobulin-neutralizing effect of sera from patients with multiple myeloma and macroglobulinaemia. 


Titer of antiglobulin-inhibition = 


sensitized red cells by a rabbit anti-human-globulin serum. 


highest dilution of a serum able to inhibit agglutination of anti-D- 


The content of y-globulin (pathological 


type and normal type) in myeloma and macroglobulinaemia sera was estimated from electrophoresis in 
the Tiselius apparatus (courtesy of N. Harboe). 





Pathological 
protein (velocity 


Patient Diagnosis of -glob.) 
8 per 100 ml 
Es y-myeloma 7.5 
Ä.N. y-myeloma 0.7 
K.L. y-myeloma „4 
8. P. y-myeloma 85 
A. T y-myeloma 0 
N.J. y-myeloma …. 
G.M. y-myeloma 1.6 
K. 5. macroglobulinaemia 1.7 
E.CG. macroglobulinaemia 3.1 
H. W.J control 0 
8. 5. control fj 
E. B. control 0 
C.M. control 0 
C.R. control 0 
H.J control 0 
A. Ì control 0 


Normal Antiglobulin Decreased 
y-globulin inhibition infection 
g per 100 ml titer resistance 
ei 16 ves 
1.3 32 no 
0.8 32 no 
0.4 ot) no 
0.4 50 no 
0.6 200 no 
0.8 200 no 
1.0 50 no 
‚6 256 no 
0.3 100 no 
0.5 100 no 
0.9 100 no 
1.0 100 no 
0.9 200 no 
1.2 200 no 
14 200 no 
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myeloma proteins participated in the neutrali- 
zation of the Coombs’ serum used or whether the 
neutralization was solely due to the content of 
normal y-globulin of the myeloma sera investi- 
gated, cannot be definitely decided from the 
present experiments. 

The lowest antiglobulin-inhibition titer 
found in patient J.T. who was the only myeloma 
patient who showed a decreased resistance to in- 
fections. It is probable, then, that this diminished 
resistance was due to a low concentration of 
normal antibody-globulins. This point of view 
implies that the antiglobulin-inhibiting effect of 
myeloma sera with the Coombs’ serum employed 
was mainly or exclusively due to their content of 
normal y-globulin. This concept also gives the 
best explanation of the fact that in no instance 
did the antiglobulin-inhibition titer of myeloma 
sera exceed the maximal titer of the control sera. 


was 


Decreased infection resistance in multiple mye- 
loma has been the subject of several reports. Re- 
current pneumonia is the sign par excellence of 
this lowered resistance. Bge (1) reported a case 
of myeloma with 9 pneumonias during 9 months. 
Zinnemann & Hall (10) observed recurrent 
bacterial pneumonias in 10 of 64 patients with 
verified multiple myeloma. These 10 patients had 
a total of 44 pneumonias, the individual patient 
having from 2 to 13 bouts of pneumonia. In 3 
patients the same type of pneumococcus as 
originally isolated during pneumonia later caused 
recurrences, in one case after an interval of more 
than two vears. Perhaps it should be noted that 
in each of these patients the first episode of pneu- 
monia had been treated with penicillin. 

Ten consecutive patients with multiple myeloma 
(without pneumonias) were immunized with 
polysaccharides of Pneumococci and Br. abortus 
and with typhoid-paratyphoid vaccine. The serum 
antibody response was poor. There was evidence 
to suggest that the antibody production occurred 
in an inverse ratio to the amount of abnormal 
serum proteins. 

Marks (5) reported spontaneous antibody 
titers in 17 myeloma patients to be lower than 
in normal controls and found some evidence of 
a negative correlation between antibody levels 
and the degree of hyperglobulinaemia. 

Lawson et al. (4) reported 2 patients with 
multiple myeloma and repeated attacks of pneu- 
monia. They further compared the spontaneous 
occurrence and titer of a variety of antibodies 
including natural iso-haemagglutinins in 9 patients 
with myeloma and in normal persons. Incidence 
and titers of antibodies were markedly decreased 
in the myeloma group. Two myeloma patients 
were examined repeatedly and showed progress- 
ing decrease in antibody titers. Six of the patients 
totally lacked natural iso-haemagglutinins. 

This decrease in circulating antibodies and the 
poor or lacking response to immunization are 


quite identical with the findings in hypo- and 
agammaglobulinaemia. Whereas the lack of 
y-globulin is readily demonstrated in agamma- 
globulinaemia by means of electrophoresis of 
serum proteins, this cannot ordinarily be done 
with certainty in the common type of myeloma, 
the y-myeloma, as the abnormal globulin peak is 
superimposed on the normal y-globulin peak. In 
the less common g-myeloma the amount of normal 
y-globulin can be estimated from electrophoresis 
and is reported to be lower than normal (7, 9). 
Even a case of g-myeloma associated with frank 
agammaglobulinaemia has been reported (8). By 
a special electrophoretic technique Porges (6) 
recently demonstrated a lack of normal y-globulin 
in two patients with myeloma and recurrent in- 
fections. 
CONCLUSION 

It thus seems well established that antibody 
concentration and the response to antigenic 
stimuli is lowered in many patients suffering 
from multiple myeloma. In some cases, this con- 
dition is so advanced as to produce elinically 
manifest increased susceptibility to infections. 
The probable cause of this abnormality is a de- 
creased production of normal antibody-carrying 
y-globulin due to the shortage of material neces- 
sary for globulin-synthesis caused by a large de- 
mand of metabolites common to normal globulin 
and myeloma globulin by myeloma protein-pro- 
ducing cells. 


SUMMARY 


A case of multiple myeloma of the „-myeloma 
by recurrent pneumonias is 
reported. From immunization experiments and 
antiglobulin-neutralization tests it is concluded 
that the decreased resistance to infections was 
due to a diminished concentration in the patient’s 
serum of antibody-carrving normal y-globulin in 
spite of a high total y-globulin content Gmveloma 
globulin). 


tvpe complicated 
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LYMPHOCYTE DEGENERATION IN AMAUROTIC IDIOCY 


By CLAUS MUNK PLUM 


During the last five vears a control of the blood 
picture every two weeks of patients admitted to 
the Department for Epileptics revealed that a 
little group of the patients showed a blood picture 
quite different from all other patients: vacuoles 
were found in the stroma of the Iymphocytes. 
Twenty-one cases of so-called lipoidoses were 
found. The most marked symptom in these 
patients is somatic dysplasia and dystrophy, prob- 
ably owing either to a primary deficient de- 
velopment or to a progressing destruction of the 
structure and function of the cells in the reticulo- 
endothelial system and the central nervous system. 








Fig. la. 
Cells from bone marrow smears. 
J. no. 36105. 





Fig. 1 b. 
Cells from blood smears. 
J. no. 36105. 


From the Department for Epileptics, 
Head: H. P. Stubbe Teglbjerg, 

and the Laboratory Filadelfia, Dianalund, 
Head: Claus Munk Plum. 


Von Bagh & Hortling found vacuoles in 
the stroma of the Ivmphocytes by lipoidoses, and 
later on Rayvner found the same abnormal 
Iymphocytes in the blood from relatives of pa- 


tients with juvenile amaurotic idiocy. Nissen 
has described 10 cases of juvenile amaurotic 
idioey with abnormal Iymphocytes. Stubbe 


Teglbjeerg & Plum have described 11 cases 
of different lipoidoses, all with epileptic seizures, 
and lately Gilje & Nissen have made a study 
of 60 pupils attending Dalen Blind Institute and 
here observed six cases with vacuolized Iympho- 
cytes. Among these six cases there were four with 
epileptic seizures. 








Fig. 2a. 
Cells from bone marrow smears. 
J. no. 33734. 
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Fig. 2 b. 
Cells from blood smears. 
J. no. 33744. 


Relatives of our patients were examined, too, 
and in some families the abnormal structure in the 
Iymphocytes was to be found, mostly in siblings 
of patients, never in the parents. (Stubbe 
Teglbjerg & Plum, 1955). 
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The abnormal Iymphocytes are often referred 
to as Ivmphoecytes with lipoid degeneration, but 
we have tried to stain the vacuoles in different 
ways and the results were always the same: no 
reaction to lipoid staining methods. Thus we can 
not maintain the opinion that the content of the 
vacuoles should be abnormally deposited lipoids. 
In some of the vacuoles a positive reaction for 
ribonucleic acid was found. No reaction of al- 
kaline phosphatase was found. 

In conclusion, it may be said that: examinations 
of blood smears may be a helpful method in the 


diagnosis af amaurotic juvenile idioey and per- 
haps in other cases of lipoidoses. 
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GYNAECOMASTIA IN HODGKINS DISEASE 


By JORGEN BICHEL 


In 1938, left-sided gynaecomastia developed in 
one of our male patients, who had suffered from 
Hodgkin’s disease (H.d.) for about two vears. 
This anomaly has since been disclosed in another 
seven out of 189 male patients with H.d. treated 
in the Anti-Cancer Centre in Aarhus during the 
period 1936—1956, whereas it has not been ob- 
served in anv of 182 male patients suffering from 
chronic Iymphatic leukaemia who were seen 
during the same period. As gynaecomastia is not 
mentioned as a complication of H. d. in the litera- 
ture, IT feel it justified to call attention to these 
cases, especially because importance has often 
been attached to endocrine disturbances in the 
pathogenesis of this disorder. 


CASE REPORTS 

Case 1. — Man, aged 47, was admitted in 1956. In 
1948, several lymph nodes were removed from the left 
axilla in another hospital after the patient had been 
ill for about 12 months. Histological examination 
showed a typical Hodgkin’s granuloma. At the same 
time, a nodule behind the left mammilla was re- 
moved. Histologically, it was a fibro-adenomatosis of 
the breast (ductal type). Afterwards, increasing gener- 
alization of the recurrence of 
gvnaecomastia. 

Case 2. — Man, aged 54, had felt tired, suffered a 
weight loss of 16—17 kg and had intermittent fever 
during the last six months. Chest roentgenograms 
revealed a mediastinal tumour. The patient had been 
admitted to another hospital, in which histological 
examination of a small lymph node removed by Da- 
niell’s biopsy was suggestive of H.d. at an early stage. 
Roentgen irradiation to the mediastinum resulted in 
transitory improvement. He gained weight (4 kg), but 
as he still felt tired, he was re-admitted in February, 
1957, with intermittent fever, mediastinal tumour and 


disease occurred; no 
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a hazelnut-sized, right-sided gynaecomastia, which 
was stated to have developed shortly before the ad- 
mission. Histological examination showed fibro-adeno- 
matosis of the breast. 

Case 3. — Man, aged 22, was admitted for the first 
time in 1952 after having been ill for about two vears. 
His illness began with enlargement of the cervical 
Ivmph nodes. On admission, general lymph-node en- 
largement and a mediastinal tumour were present. 
During 1952—1954, the patient was repeatedly treated 
with roentgen irradiation and TEM. In December 1954, 
a small right-sided gynaecomastia was removed. Histo- 
logical examination showed fibrosis of the breast. At 
that time, the patient was not very emaciated, but 
rapid aggravation of the condition occurred, and he 
died in September, 1955, from generalized H. d. Autop- 
sy showed large Iymphogranulomatous infiltrates in 
the spleen and liver. 

Case 4. — Man, aged 16, was admitted in 1955 with 
general Iymph-node enlargement and a mediastinal 
tumour. A biopsy specimen from a cervical lymph 
node showed typical Hodgkin’s granuloma. The patient 
was given roentgen irradiation and TEM with good 
effect on the enlarged nodes and the general condition. 
A few months later (according to the patient’s 
statement, eight), swelling of the tissue behind both 
mammillae occurred. The patient was re-admitted in 
April, 1956, 11 months after the first admission, and in 
addition to lymph-node enlargement and a mediastinal 
hazelnut-sized gvnaecomastia was 
examination of the removed 


tumour, bilateral 
revealed. Histological 
right corpus mammae showed fibro-adenomatosis. The 
patient was given intravenous injections of tioTEPA 
with good effect. Strikinglv enough, the left-sided 
gyvnaecomastia disappeared promptly after the in- 
stitution of the treatment. The patient is still under 
treatment. 

Case 5. — Man, aged 22, was first 
Anti-Cancer Centre in 1944, with general Iymph-node 
enlargement. Histological examination of a lymph 
node from the left axilla H.d. For several 
vears the patient was treated with roentgen irradiation. 
In 1945, difficulty in swallowing developed, and 
histological examination of a biopsy specimen secured 
lymphogranulomatous 


referred to the 


showed 


by oesophagoscopy revealed 
processes in the oesophagus. Roentgen irradiation was 
given with good effect. In February, 1947, a hazelnut- 
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sized left-sided gynaecomastia developed. The patient 
died of his disease in July, 1950. Autopsy revealed 
widespread Iymphogranulomatous changes in the 
organs. The gynaecomastia was not examined histol- 
ogically. 

Case 6. Man, aged 30, was admitted in 1946 after 
an illness of short duration, with enlargement of the 
cervical Iymph nodes and a mediastinal tumour. A 
biopsy specimen from a left cervical Iymph node 
showed H.d. The patient was repeatedly treated with 
roentgen irradiation to the enlarged nodes and the 
mediastinum, and with nitrogen mustard and TEM. 
In 1950, intense retrosternal alcohol pain (1) de- 
veloped. In September, 1950, the patient complained 
of pain in both mammary regions, and bilateral gynaec- 
comastia developed. The right corpus mammae was re- 
moved; histologically, it showed fibro-adenomatosis. 
In spite of TEM treatment, the pain in the mammary 
region persisted, but later disappeared after local 
roentgen treatment. The left-sided gvnaecomastia 
persisted when the patient died in February, 1956. 
Autopsy showed widespread Iymphogranulomatous 
changes in most organs apart from the liver. 

Case 7. — Man, aged 28, was admitted in March, 
1936. The patient had been ill for four months with 
intermittent fever, itching, Iymph-node enlargement 
and a mediastinal tumour. A biopsy specimen from 
a left axillary Ilymph node showed changes suggestive 
of H.d. Roentgen irradiation to the lymph nodes and 
the mediastinal tumour was given. In 1938, tumours, 
the size of a hen’s egg, developed behind both mam- 
millae; they persisted when the patient died in July, 
1941. Autopsy showed widespread lymphogranulomato- 
us changes in the organs, including the lungs and 
liver. Unfortunately, the gvnaecomastia was not ex- 
amined histologically. 

Case 8. — Man, aged 23, was admitted in March, 1957, 
with generalized H.d. Physical examination showed 
considerable enlargement of the peripheral Iymph 
nodes, a mediastinal tumour, enlarged nodes in the 
right hilus and an infiltrate in the right lung. The 
patient had then been ill for about 12 months with 
cough, expectoration, fever and enlarged cervical and 
axillary Iymph nodes. A small, right-sided gynae- 
comastia, which had not been noticed by the patient, 
was observed. The patient stated that his body weight 
had remained fairly constant; at least, no appreciable 
weight loss had occurred before the development of 
the gynaecomastia. The gynaecomastia disappeared 
within a few days during treatment with diepoxy- 
butane, and it was not examined histologicallv. 


COMMENTS 

It should be borne in mind that gynaecomastia 
is a fairly common occurrence; that impaired 
liver function may result in a shift in the oestro- 
gen/androgen ratio as a consequence of reduced 
inactivation of oestrogen; and that impaired liver 
function may be assumed to occur as a result 
of prolonged starvation. Among the American 


soldiers in the Japanese prisoner-of-war camps 
in the Philippine Islands, gynaecomastia occurred 
in the periods when the nutritional state was im- 
proved due to the arrival of Red Cross parcels. 
Jacobs explained the mechanism of this star- 
vation-refeeding gvynaecomastia as follows: “Se- 
vere starvation inhibits the gonads, causing de- 


creased androgenic and estrogenic levels. An ade- 
quate diet for several weeks following severe 
starvation stimulates the gonads to increased an- 
drogenic and estrogenic functions. The liver is, 
however, impaired by protracted starvation and 
becomes unable to inactivate any excess of estro- 
gen that may be produced, resulting in an in- 
creased estrogen level and a reversal of the estro- 
gen/androgen ratio. The rudimentary ducts of 
the male breast respond with hyperplasia of the 
ducts and the periductal connective tissue.” 

Determinations of the excretion of oestrogens, 
androgens, gonadotrophins and 17-ketosteroids in 
patients with H.d. admitted to the Anti-Cancer 
Centre in Aarhus have shown such conditions as 
may be expected in patients who have been seri- 
ously ill for a long time, i.e, almost constantly 
diminished excretion of 17-ketosteroid, gonado- 
trophin and androgen and, in most cases, also of 
oestrogen. In patients with H. d. the nutritional 
state may for many years fluctuate within wide 
limits, with perfectly symptom-free intervals be- 
tween periods with toxic symptoms and severely 
impaired general health. Hence, conditions for 
the development of starvation-refeeding gynae- 
comastia must therefore be present — much more 
frequently in H. d. than, for example, in lymphatic 
leukaemia. In one of the patients considered here 
(Case 2), the gynaecomastia developed in a period 
with weight gains following emaciation, but the 
patients (especially the first observed cases) were 
not questioned or examined with a special view 
to fluctuations in their body weight in relation to 
the appearance of the gynaecomastia. 


SUMMARY 

Among 189 male patients with Hodgkin's dis- 
ease, unilateral or bilateral gynaecomastia was 
observed in eight cases, while this symptom was 
not encountered in any of 182 male patients with 
Iymphatic leukaemia observed within the same 
period. 

The cause of the relatively frequent occurrence 
of gynaecomastia in Hodgkin'’s disease is un- 
known, but it is emphasized that the great and 
often protracted fluctuations in the activity of 
the disease and, hence, in the general health of 
the patients may lead to conditions which are, to 
some extent, comparable to the so-called star- 
vation-refeeding phenomena which were observed 
in Japanese prisoner-of-war camps, in which 
transitory gynaecomastia was a fairly frequent 
occurrence among the prisoners in periods with 
improved food supplies following periods of pro- 
tracted starvation. 
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PARTIAL PURIFICATION AND FIBRINOLYTIC 
EFFECT OF A FACTOR IN PEPTONE 


By TAGE ASTRUP and E. S. OLESEN 


Ungar & Mist (1949) have demonstrated 
that the addition of peptone to normal guinea pig 
serum followed by an isoelectric precipitation re- 
sults in the production of considerable fibrinolytic 
activity in the precipitated euglobulin fraction. 
We have undertaken a study of this process in 
order to correlate these reactions with the con- 
cept of fibrinolysis arrived at in this laboratory, 
using the preparations of components of the fibrin- 
olytie system made available by our previous in- 
vestigations, Astrup (1956). 


Our preliminary experiments confirmed in 
principle Ungar's observations on the effect of 
peptone on guinea pig serum, Olesen (1957). 
We could also demonstrate that the fibrinolytic 
activity was caused partly by a proteolytic en- 
zyme and partly by an activator of plasminogen 
acting on the plasminogen in the test substrate 
(bovine fibrin). The effect of this activator in- 
creased when further amounts of bovine plas- 
minogen were added. 


Large concentrations of peptone (60 to 200 mg 
per ml serum) were needed in order to produce 
maximum activity, and a further excess of peptone 
even decreased the fibrinolytic activity to zero. 
Considering the minute amounts of active agents 
which probably are involved in the reaction, it 
was thought that only a small fraction of the 
peptone preparation actually took part in the 
formation of fibrinolytic activity and that the 
bulk of the peptone powder consisted of inert or 
even inhibitory material. In order to overcome 
any difficulties caused by the use of impure pep- 
tone preparations, we have therefore developed 
the purification method described below. 


EXPERIMENTAL 

Fibrinolytic activity was estimated on standard 
fibrin plates with 0.1 per cent bovine fibrinogen 
(containing plasminogen) according to Astrup 
&Müllertz (1952). The bovine thrombin used 
for clotting was kindly supplied by the Lgvens 
kemiske Fabrik, Copenhagen. 

Fibrinolytic activity was developed by mixing 
guinea pig serum (courtesy of Dr. J. Orskov, Di- 
rector of the State Serum Institute) with equal 
volumes of peptone solutions (dissolved in dis- 


From the Biological Institute of the Carlsberg Foun- 
dation, Copenhagen, Denmark. 


tilled water), diluting after 5 mins. at 37° to 20 
times the serum volume with He0, followed by 
addition of 0.5 per cent acetic acid until pH 5.3. 
After centrifugation the precipitated euglobulin 
fraction was dissolved in twice the original serum 
volume of barbital buffer (0.05-M; pH: 7.8; con- 
taining 0.1-M NaCl; total « 0.15) and its ac- 
tivity was estimated as described. 

The crude peptone (P) was a commercial 
product: “Bacteriological Peptone, RMC” (kindly 
supplied by the Roskilde Medical Company, Ros- 
kilde, Denmark). The purified peptone (PP) was 
prepared as follows: 

Peptone (100 g) was dissolved in 200 ml H20 
with the addition of a few drops of octylalcohol 
to avoid foaming. The pH of the solution was then 
adjusted to pH 3.0 bv the addition of concentrated 
hydrochloric acid, and 3 volumes of 96 per cent 
ethanol were added. The precipitate was sepa- 
rated by centrifugation and treated sucecessivelv 
with 70 per cent, 96 per cent and abs. ethanol 
followed by two treatments with dry ether. After 
drying in the air a fine white powder was ob- 
tained amounting to about 3 per cent in weight 
of the peptone used. This powder gave slightlv 
cloudy solutions of acid reaction in H20 or saline, 
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Fig. 1. 
Fibrinolytic activity produced in guinea pig serum 
by erude peptone (P) and purified peptone (PP) after 
isoelectric precipitation. 
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which became clear after neutralization. These 
solutions contained the active agents in the origi- 
nal peptone. 

A comparison between the crude peptone (P) 
and the purified peptone (PP) was made with 
amounts of the purified preparations corre- 
sponding to 3 per cent of the original peptone. 
The results appear from Fig. 1. It is seen that 
apart from a purification and concentration of 
the agents responsible for the production of 
fibrinolvtic activity in guinea pig serum, a re- 
moval of components acting as inhibitory com- 
pounds has also been achieved. The total activity 
obtained by the purified preparation is much 
higher than the activity obtainable with the crude 
preparation. Application of peptone solutions 
alone to the fibrin plates had no effect. 

When the ethanol precipitation was carried out 
at pH values higher than 3, increasing quantities 
of sediment were obtained. The total activity re- 
mained fairly constant, but the activity per unit 
weight decreased proportionally. Fractional pre- 
cipitation with ethanol at pH 3 demonstrated that 
practically all active material had been separated 
by the method. When the ethanol concentration 
was raised to 4.5 vol, after separation of the 
fraction precipitated at 3.5 volume, a large in- 
active sediment occurred. The results show that 
the active agents in peptone have definite chemi- 
cal properties differing from those of the bulk 
of the components in the crude peptone. 


DISCUSSION 

An elucidation of the mechanism for production 
of fibrinolytic activity by means of peptone is of 
significance because of its possible connection 
with anaphylactic or “anaphylactoid” pheno- 
mena, Ungar (1952). The concentration and 
partial purification of the active agents are is steps 
in the elucidation of this problem. 

The preparation of the purified peptone factor, 
and especially the removal of contaminating in- 
hibitory agents (which is apparent from Fig. 1), 
has greatly facilitated our investigations. With 
this preparation we have confirmed the results 
obtained with crude peptone (Olesen, 1957) 
that the fibrinolytic activity developed in guinea 
pig serum is due to both a protease and an acti- 


THE AUTOCATALYTIC REACTI 


By TAGE . 


The accelerated formation of thrombin during 
blood coagulation and the autocatalytic reaction 
observed in certain phases of the clotting process 
have aroused a great deal of interest, and many 


vator of plasminogen. The purified preparation 
(as well as the crude peptone, Olesen 1957) 
is unable to activate directly the bovine plasmino- 
gen or the fibrin. This applies also to purified 
plasminogen preparations made according to 
Astrup & Sterndorff, 1953. Furthermore, 
no activation of the precursor of the plasminogen 
activator in human milk occurs (prepared ac- 
cording to Astrup & Sterndorff, 1953, 
and free from plasminogen). This activator pre- 
cursor is easily activated by streptokinase (“Vari- 
dase”, kindly supplied by the Lederle Labora- 
tories). The activating effect of the peptone factor 
apparently differs not only from that of the tis- 
sue activator, which directly transforms plas- 
minogen into plasmin, but also from compounds 
acting as streptokinase, which directly produce 
an activator of plasminogen from a precursor 
present in human blood and milk, for references 
see Astrup (1956). These results indicate that 
the action of peptone differs from that of the two 
known activating mechanisms of fibrinolysis and 
that we probably have here a third tvpe of an 
activation process. The results of experiments 
substantiating this concept will be published else- 
where (Olesen, in preparation). 


SUMMARY 


1. The factor in peptone responsible for the 
release of fibrinolytic activity in guinea pig 
serum has been concentrated and partially 
purified (33 times). 

2. The action of this factor apparently repre- 
sents a new type of activating mechanism of 
the fibrinolytic system. 


This investigation was aided by grants from the 
National Danish Association against Rheumatic Dis- 
cases and the Josiah Macy Jr. Foundation, New York. 
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ON IN BLOOD COAGULATION 
LSTRUP 


investigations have been made concerning their 
mechanism. So far, no agreement has been reached, 
but the processes have gained increased interest 
because of their significance for the speed of 
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normal coagulation, and since they apparently 
depend upon reactions, which are delayed in 
cases of haemophilia. 

Some confusion has occurred because a sharp 
distinction has not been made between 7: the 
accelerated thrombin formation and 77: the auto- 
catalvtic mechanism. An accelerated formation 
of a compound needs as the only prerequisite the 
formation of a catalytic acting substance (an 
enzyme) during the reaction, followed by a trans- 
formation of a precursor to the final compound 
by means of this activator. This reaction need not 
be autocatalytic. It is an autocatalvtic reaction 
only if one of the intermediate or end products 
catalvtically accelerates its own formation or the 
formation of one of the enzymes acting in a 
preceding intermediate step. The aim of this 
article is to aid in the elucidation of this compli- 
cated phenomenon in blood coagulation. 

The accelerated formation of thrombin was 
observed by Arthus in 1901 (1). One of his 
experiments is shown in Fig. 1. Blood was drawn 


Dog blood defibrinated. 


(elotting time 2'/, min.) 





0 min. Ves 1 2 21/s 4 10 20 30 60 min 
NaF NaF NaF NaF NaF NaF NaF NaF NaF NaF 


Serui added in 7 dilutions to fluoride plasma. Read after 24 h. 
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0 0 0 Ze 0 GH) (+) 

0 0 0 25 © 0 GH) GH) GG) (+) 

0 oo 0 0 0 GF) HH) GH) H+) 
Fig. 1. 


The demonstration of an accelerated thrombin 
formation by Arthus (1901). 


from a dog directly into a vessel where it was 
defibrinated by stirring. The formation of fibrin 
took place after 2% mins. During that time samples 
were withdrawn and sodium fluoride added in 
order to stop the reaction. The samples were 
centrifugea and the resulting serum added (in 
seven different concentrations) to test tubes con- 
taining 2 ml dog plasma containing 0.3 per cent 
NaF. The tubes were observed after 24 hours, and 
the occurrence of a clot was taken as a measure 
of the thrombin content of the sample. The sample 
obtained at the time of withdrawal from the ani- 
mal did not produce coagulation and therefore 
contained no thrombin. The samples obtained 
after 4 and 1 min. were only slightly coagulated. 
The sample withdrawn from the tube after 2 mins. 
(that is, immediately before the formation of 


From the Biological Institute of the Carlsberg Foun- 
dation, Copenhagen, Denmark. 


fibrin occurred in the stirred blood) produced 
clotting in 1 hour and was excluded from the 
experiment, because this coagulation was caused 
by the spontaneous coagulation of fibrin carried 
over from the blood samle. The sample obtained 
after 2% mins. produced coagulation in the two 
highest concentrations. In the sample obtained 
after 4 mins. the 3 highest concentrations clotted. 
The 10 minute sample produced clotting in the 4 
highest concentrations, and the samples with- 
drawn after 20, 30 and 60 mins. clotted in the 5 
first concentrations. 

Arthus drew the conclusion 
periments that the formation of thrombin pro- 
ceeds very slowly in the beginning, but that a 
rapid acceleration of thrombin formation occurs 
immediately before the spontaneous coagulation. 
The formation of thrombin continues after coag- 
ulation, and the amount of thrombin formel later 
larger than the amount present 


from his ex- 


is considerably 
at the moment of coagulation. 

Bordet & Gengou in 1904 (6) confirmed 
Arthns’ observation of an “explosive” for- 
mation of thrombin during coagulation. They used 
rabbit plasma in which the spontaneous coagu- 
lation was prevented with 3—5 per cent NaCl. 
After dilution to about 1 per cent NaCl, this “salt 
plasma” clots spontaneously in % to 1 hour 
(Fig. 2). 

The serum obtained after spontaneous coagula- 
tion of diluted salt plasma produced clotting in 
oxalated plasma in 3 mins. and therefore indi- 
cated the presence of thrombin. It also clotted 
the diluted salt plasma in 3 mins, and the serum 
obtained from this accelerated coagulation of the 
salt plasma again produced rapid coagulation in 
oxalated plasma as well as in the diluted salt 
plasma. The process could be repeated over and 
over again (Fig. 2 B and C). This means that all 
components necessarv for the accelerated for- 
mation of thrombin were present in the native salt 
plasma, and that a compound responsible for this 
acceleration is formed during the slow spontane- 
ous coagulation as well as during the accelerated 
coagulation induced by the addition of serum. 

The suggestion itself that thrombin 
accelerates its own formation from its precursor. 
However, Bordet & Gengou made another 
important observation. They found that the 
thrombin activity (as measured on oxalated plas- 
ma) was lost when the serum was stored, but 
that the accelerating effect on the coagulation of 
diluted salt plasma and on the formation of throm- 
bin was still retained (Fig. 2 A). The authors 
considered this observation to be rather peculiar, 
and they had some difficulties in suggesting a 
suitable working hvpothesis. Their final sugges- 
tion was that both reactions are caused by throm- 
bin, but that the ability of thrombin to produce 
clotting in oxalated plasma is lost before the 
ability to accelerate the coagulation in dilute salt 
to produce new thrombin, they 
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Rabbit plasma with 3—5®, NaCl. Diluted to 10/, 


(clots in 1/5 —1 hour) 
A: Fresh serum high thrombin waged Â L 
| high accelerating activity 

stored for 24 hours 
Yv 

f thrombin activitv lost 

Old serum : Ee. : 
\ accelerating activity retained 


added to diluted NaCl plasma 
(0.4 ml to 4 ml) 


high thrombin activity 
high accelerating activity 


added to diluted NaCl plasma 


B: Fresh serum 


Yv 
high thrombin activity 


an sau high accelerating activity 


The accelerating effect needs Ca. 
(clotting of diluted NaCl plasma in 3—4 mins.). 


Thrombin activity tested on oxalated plasma. 
(clottting in 3 mins.). 


Fig. 2. 
The demonstration of the formation of an accelerating 
compound by Bordet & Gengou (1904). 


. 


termed it the abilitv of “excito-production” of 


thrombin. 

This suggestion was not a fortunate choice 
since it did not furnish a satisfactorv basis for 
designing new experiments. Though the idea of 
a large number of different substances interacting 
in the production of thrombin might have 
peared strange fifty vears ago, such a suggestion 
would have been 
We now know that this is the real explanation, 
and that accelerating factors are separate entities 
in blood coagulation. The experiments of Bo r- 
det & Gengou clearly led the authors to the 
concept that the coagulation inducing effect of 
serum was an effect not on fibrinogen but on the 
thrombin precursor transforming it into throm- 
bin. However, it appears strange that the evidence 
presented in their excellent experiments did not 
prompt them also to suggest that a compound 
different from thrombin was responsible for this 
action. 


ap- 


easier to prove or disprove. 


The experiments with the addition of serum to 
dilute salt plasma indicate that it is possible to 
propagate the coagulation indefinitelv in this wav, 
which means that all components necessarv for 
the accelerated formation of thrombin are present 
in the plasma sample. Following this idea Bo r- 
det & Gengou tried to propagate the coagu- 
lation in a sample of dilute salt plasma placed in 
a small elongated groove in a paraffin block 
(Fig. 3). A drop of serum was added to one end 


of the diluted plasma sample producing prompt 
coagulation at the point of mixing. They watched 
to see whether the coagulation would spread to 
the rest of the plasma. However, this did not hap- 
pen, and the rest of the plasma clotted normally 





BORDETS PROPAGATION EXPERIMENT 
(1904) 

PARAFFIN BLOCK WITH GROOVE 
FILLED WITH DILUTED SALT PLASMA 


DROP OF FRESH SERUM ADDED 


TO ONE END OF PLASMA 


DILUTED PLASMA CLOTS IMME - 
DIATELY AT THIS END, BUT CLOT 
DOES NOT SPREAD TO OTHER END 


REST OF PLASMA CLOTS 
IN NORMAL TIME 


NO PROPAGATION OF COAGULATION. 
Fig. 3. 


Bordet’s propagation experiment (1904). 


(in one hour or more). The accelerated reaction 
is evidently prevented by inhibitorv substances in 
the plasma, and only a mixing of the active com- 
ponents in not too small concentrations overcomes 
the inhibitory reactions. 


Later Nolf (14) confirmed the experiments by 
Bordet and added to these the interesting 
observation that serum from a patient with hae- 
mophilia accelerates the clotting of dilute salt 
plasma though it contains no thrombin. He shares 
the view that plasma contains all components 
essential for inducing coagulation, but in contrast 
to Bordet he assumes that the accelerating 
effect is bv a substance different from 
thrombin. 


caused 


The fundamental experiments of Bordet were 
nearlv forgotten during the dark ages of blood 
coagulation which followed. Gratia (11) in 1922 
mentioned a propagation of the clotting process 
in chicken plasma by means of the serum formed. 
Later (in 1937) he assumed that thrombin causes 
the formation of new thrombin by a catalytic 
reaction. He admitted that the process proceeds 
only in the chicken plasma 
clots spontaneously in a few hours, and that it 
stops sooner or later in more stable plasma. 


those cases where 


Albert Fischer in 1935 again drew atten- 
tion to the indefinite propagation of the coagu- 
lation bv rediscovering this phenomenon in 
chicken plasma (10). In contrast to Gratia he 
found that the propagation could not be carried 
on when serum was used. The fluid undergoing 


coagulation had to be carried over to a new 
sample of fresh chicken plasma shortly before 


the mixture in the preceding tube clotted (Fig. 4). 
After coagulation the activitv of the serum de- 
creased rapidly. Later Astrup& Fischer (5) 
tried to follow quantitatively the accelerated 
formation of clot inducing agents in chicken 
plasma. 

In an effort to demonstrate the nature of the 
autocatalvtic reaction the interactions in chicken 
plasma were studied, Astrup (2). It was ob- 
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FISCHER'S PROPAGATION EXPERIMENT 
(1935) 
THROMBO- 
PLASTIN er SAMPLES OF CHICKEN PLASMA 
ADDED [ REMOVED AND PROPAGATED 
SHORTLY BEFORE 
| COAGUL ATION 


B, 
Fig. 4 
Fischer's propagation experiment 


CLOTTED t 
PLASMA 


ER: 
| 
' 


(1935). 


served that fibrinogen solutions, which only clot- 
ted bv the additien of thrombin, showed no auto- 
catalvtic propagation. This was true in solutions 
containing Ca-removing anticoagulants as well as 
in solutiens from which prothrombin had been 
removed bv adsorption. Therefore the thrombin- 
fibrinogen reaction is not the cause of the auto- 
catalvtic process. Fibrinogen prepared bv dilu- 
tion and acidification of chicken plasma contains 
prothrombin able to form thrombin by the ad- 
dition of chicken thromboplastin. No propagation 
of the clotting carried out in this 
solution, although an accelerated formation of 
thrombin occurred by the addition of thrombo- 
plastin. This means that also the prothrombin- 
thrombin transformation as such is not of auto- 
catalvtic nature (Fig. 5) 


process could be 
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Accelerated thrombin formation in 
containing chicken fibrinogen, Astrup 
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Later (3) it was demonstrated that the ac- 
celerated formation of active substances during 
the coagulation of chicken plasma involved other 
reactions than the conversion alone of prothrom- 
bin into thrombin (Fig. 6). Samples removed 


Time for removal of 





Clotting time in 


Clotting time in 
oxalated plasma 


samples in minutes fresh plasma 





1 24 mins. 2 hours 
2 21 
3 18 ° 
4 15 
à 10 
6 3 
7 KB 
8 tclotting). 
Fig. 6. 


Accelerated formation of an activating substance in 


chicken plasma (Astrup, 194% 


shortly before coagulation, and which produced 
coagulation in fresh plasma in less than one min- 
ute, could not clot oxalated plasma, and thev 
could therefore not contain than a mere 
trace of thrombin. Therefore, the active 
stance produced by an accelerated reaction during 
the first stages of the clotting of normal plasma 
could evidently not be thrombin, but it was an 
activating substance able to induce rapid trans- 
formation of prothrombin into thrombin. It was 
suggested that the cause of this reaction could be 
the transformation of plasma thromboplastinogen 
into active plasma thromboplastin. With reference 
to these experiments with chicken plasma, Lak í 
(12) in 1944 found a substance in human plasma 
formation of thrombin. 


more 
sub- 


which accelerated the 
He suggested this substance to be a plasma throm- 
boplastin and to be the cause of the autocatalvtic 
reaction. He noted its absence from haemophilic 
blood but this contrasts with Nolf's observation 
of a positive effect of serum from haemophilic 
blood. 

Investigations of the activation reactions arc 
especially complicated by the effects of the 
platelets. The platelets had probably not been 
removed from the plasma used bv Bordet, but 
stable, centrifuged chicken plasma contains no 
thrombocvtes. The autocatalvtic reaction in 
chicken plasma clearly interaction 
with the platelets. avian plasma might 
differ in this respect from mammalian plasma. 
Thus, Brinkhous (8) and Quiek (15) in 
1947 observed that the clotting defect in haemo- 
philia was deficienev of a 
factor interacting with the platelets. This obser- 
vation indicated that the reaction between a plas- 
ma component and the platelets forms part of 
the plasma thromboplastin system in mammalian 
though the explanation of this reaction 
(Astrup (4)). The experiments by 
Conlev, Hartmann & Morse (9) are of 
significance in this respect, thev indicate 
that also in mammalian plasma are the first steps 
in the activation of coagulation due to the con- 
version of plasma proteins and not of the plate- 
lets. The authors followed the thrombin forma- 
tion in high speed centrifuged silicone plasma 


involves no 


However, 


caused bv a plasma 
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differed 


since 
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and obtained results similar to those described 
above. Thrombin was formed and disappeared 
again though there was only minimal dis- 
appearance of prothrombin. The observation that 
the initiation of the activation process is caused 
by processes in the blood plasma and not by the 
platelets has since been repeatedly confirmed 
(7, 16). However, the exact nature of the 
compound in plasma which initiates the normal 
coagulation has not vet been determined (Ma c- 
farlane (13)). 

Though it is now known that the transforma- 
tion of prothrombin into thrombin needs the 
presence of accelerating agents (Factor 5, pro- 
accelerin) and converting principles (Factor 7, 
proconvertin) the basis of the autocatalytic reac- 
tion apparently lies in the activation of the p?zs- 
ma thromboplastin system. The elucidation of 
this system, as revealed by the possibility of dif- 
ferentiating between various tvpes of haemo- 
philoid disorders, will eventually also lead to 
the clarification of the autocatalytic reaction and 
its role in normal blood coagulation. It is of signif- 
icance that also in the plasma thromboplastin 
system has it been possible to distinguish between 
components essential to the formation of active 
plasma thromboplastin and compounds acting as 
accelerating agents. 


SUMMARY 


The historical background of the concept of 
an autocatalvtic reaction in blood coagulation 
and the accelerated thrombin formation is pre- 


DEFECTS IN 


sented. The plasma thromboplastin system is 
apparently the basis of the autocatalytic reaction, 
though its exact nature has not vet been de- 
termined. 
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BLOOD COAGULATION 


By TAGE ASTRUP & KNUD-ERIK SJOLIN 


Results of recent vears’ investigations have 
revealed that the normal coagulation of blood is 
effected through a mechanism of unforeseen com- 
plexitv. A multitude of components in the blood 
plasma interact in an intricate manner to form 
a system by which the living organism activates 
and regulates the process of clotting. The eluci- 
dation of this system is still incomplete and the 
various investigators disagree with each other 
in the explanation of many details. The partial 
solution of the puzzling problem of haemophilia 
has added to the completeness of the system and 
also to its complexity. The intricacy of the system 
certainly reflects the difficult problem Nature has 
had to solve in providing the living organism with 
a closed system containing a circulating nutritive 
substance, which will normally neither produce 
The Biological Institute of the Carlsberg Foundation, 


Copenhagen, and the Institute of Human Genetics, 


University of Copenhagen, Denmark. 


obstruction of the channels of the system nor 
suddenly escape when a leak accidentally occurs. 
The complexity of the system as developed in the 
mammalian organism is so great, that it would 
have been extremely difficult to discover its 
mechanism if Nature had not provided us with a 
number of experiments in the form of the various 
haemorrhagic disorders. It is the elucidation of 
the defects in these diseases which has provided 
us with means for the understanding of the 
normal mechanism of blood coagulation. 
Though complete agreement about the total 
mechanism has not vet been reached, it is possible 
to give a picture which probably comes close 
to the truth. It is the purpose of this article to 
present the system of blood coagulation and its 
defects as represented by the various haemor- 
rhagic disorders and the methods of their diag- 
noses. Only deficiencies caused by defects in the 
blood clotting system are treated here. Concerning 
the clinical description of the various disorders, 
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the reader is referred to the excellent book by 
Stefanini & Dameshek (29). 


THE SCHEME 
Fortunately the classical scheme of Mora- 
witz and Fuld & Spiro is still a valid ex- 
pression of the coagulation mechanism. Fibrin is 
formed by the effect of thrombin on fibrinogen, 
and thrombin is formed from prothrombin by 
activitation with thromboplastin (Fig. 1). 


CLASSICAL 


Thrombin 


; 
Fibrinogen —Fibrin 

(Antithrombin) 
Thromboplastin 

’ 

Prothrombin —Thrombin 
(Inhibitor) 
Fig. 1. 


Classical Scheme of Blood Coagulation. 


Defects in this system can be caused by the 
absence or low concentrations of fibrinogen. 
Cases of hypofibrinigenaemia are easily demon- 
strated by estimating the fibrinogen concentration 
in blood by one of the numerous methods avail- 
able for this purpose. A rapid method for clinical 
orientation is the investigation of the clotting 
abilitv of diluted plasma samples after the addi- 
tion of a thrombin solution (Schneider's 
test) (23). 

Defects in the formation of fibrin can also be 
caused by the presence of inhibitory compounds 
of which heparin is the most important. Since 
the most reliable methods of estimating fibrinogen 
are based on the formation and separation of 
fibrin, the inhibitory compounds can interfere 
with the diagnosis of hypofibrinogenaemia, and 
the presence of inhibitory compounds must there- 
fore be excluded first. This is done by adding 
small amounts of the test plasma to a normal 
plasma sample and investigating the clotting time 
after the addition of thrombin or after simple re- 
calcification. If no significant prolongation of the 
clotting time occurs, inhibitory compounds are 
absent in the sample and the fibrinogen estimation 
can be considered valid. 

Hypofibrinogenaemia and afibrinogenaemia can 
be inherited or acquired. Since cases of inherited 
deficiency of fibrinogen with little or no clinical 
symptoms of a bleeding disease have been de- 
scribed, the clinically manifest cases are presuma- 
bly caused by a combination of defects either in 
the blood coagulation system or in the blood 
vessels. 

Though heparin acts as an antithrombin, and 
is easily estimated as such, its effect on normal 
blood coagulation is chiefly against the formation 
of thrombin. In blood plasma containing heparin 


prothrombin is not converted into thrombin, 
which would have been the case if heparin onlv 
acted as an antithrombie substance. Its inhibiting 
effect is counteracted by thromboplastin (4). 

A deficienev of the clotting system can also be 
caused bv a decreased concentration of thrombin 
or by a decreased velocity of its formation. Ac- 
cording to the classical scheme, these defects can 
be caused either bv a decreased concentration of 
prothrombin or of thromboplastin or bv a de- 
creased availability of these components. It is on 
these points that the classical scheme has been 


extended. 
THE PROTHROMBIN SYSTEM 
Under this heading are classified the com- 


ponents essential to the formation of thrombin 
from prothrombin by means of tissue thrombo- 
plastin (tissue thrombokinase) and calcium ions. 
In this formation three plasma proteins are in- 
volved, namely prothrombin, proaccelerin (Factor 
V) and proconvertin (Factor VII) (Fig. 2). Com- 


Thromboplastin + Proconvertin 
Accelerin 


Prothrombin => Thrombin 


Fig. 2. 
The activation of prothrombin. 

plete agreement about the interactions between 
these compounds does not exist, but the following 
reactions have chiefly been suggested by O wren. 
Thromboplastin combines with proconvertin 
(Factor VII) to form a compound (convertin, 
Complex 1) which again combines with accelerin 
(activated proaccelerin, Factor V) to form a com- 
pound (Complex 2, “prothrombinase”) which 
activates prothrombin to thrombin. 

Deficiencies in the components of the prothrom- 
bin system or a decreased availability of throm- 
boplastin produce bleeding diseases. Cases of 
hypoprothrombinaemia were the first to be de- 
monstrated. This was made possible when 
Quick exchanged the simple recalcification test 
of Ho well with a test based on a recalcification 
in the presence of an of tissue throm- 
boplastin. In this manner the clotting time of a 
plasma sample was made independent of the 
amount of thromboplastin accidentally present 
in the sample, and a prolonged clotting time indi- 
cated a decreased concentration of prothrombin 
(or of cofnponents of the prothrombin system). 
Hypoprofhrombinaemia was found to 
pecially with a lack of vitamir K, in dicumarol 
“) and in hepa- 


excess 






occur e@s- 


poisoning (“Sweet clover disease 
titis, 

In 1943 Quick observed an abnormal con- 
dition in his test of mixtures of aged plasma and 
dieumarol plasma, indicating that what had been 
called “prothrombin” was in realitv a complex 
which one was labile, 


of two compounds of 





166 


DANISH MEDICAL BULLETIN 


Vol 4 no5 





(“labile factor”). In 1944 Owren described a 
patient with prolonged clotting time in Quick’s 
test who did not respond to the administration 
of vitamin K. Bv adsorption experiments he 
could prove that the patient's plasma contained 
a normal amount of prothrombin but lacked an 
unknown factor (Factor V), which was necessarv 
for the transformation of prothrombin into throm- 
bin. Independent observations by other authors 
pointed to the existence of a complex of com- 
pounds in the prothrombin group and culminated 
in the demonstration by O w ren and by Koller 
of an additional new factor (Factor VII, Pro- 
convertin) which was essential for the transfor- 
mation of prothrombin. This factor is stable and 
is present in prothrombin-free serum. (For details 
of the historical development see 4, 5, 10). 


A prolongation of the clotting time in the simple 
Quiek-test indicates a deficiency of one of the 
components of the prothrombin system. In most 
clinical cases the deficiency will be in the pro- 
thrombin itself, but in order to identify the defect, 
a differential diagnosis based on additional tests 
has to be established. Restoration of normal clot- 
ting time in the one-stage Quick test after ad- 
dition of small amounts of fresh, adsorbed plasma 
(human or bovine) indicates an absence in the 
test sample of Factor V. This deficiency was 
called parahaemophilia by O w ren. If a normal 
clotting time is obtained bv addition of small 
amounts of aged serum (which is free of pro- 
thrombin), a defect in Factor VII is indicated. 
Prothrombin can be estimated directly by using 
Russel viper venom instead of thromboplastin in 
the test, or bv the two stage prothrombin esti- 
mation, where the effect of the converting factors 
(Factor V and Factor VID) is largely excluded. 


When the one-stage test is performed in the 
presence of an excess of absorbed plasma (pre- 
ferably bovine) the system is stabilized with 
respect to fibrinogen, inhibitory compounds and 
Factor V. This test shows therefore the combined 
effect of prothrombin and proconvertin (Factor 
VII) and has been introduced by O wren in the 
accurate control of dicumarol therapy, because 
both prothrombin and proconvertin are the com- 
pounds decreased by administration of dicumarol. 
The method is very accurate (7, 16) and has 
proved its value in the long term treatment with 
anticoagulants of the dicumarol type (O wren) 
and in dicumarol prophylaxis during operations 
of patients liable to thromboembolic complications 
(17, 30). 

In order to differentiate between the haemor- 
rhagie disorders caused by deficiencies in com- 
pounds belonging to the prothrombin system 
Cwhich all give a prolonged clotting time in 
Quick’s test) from the true haemophilic disorders 
Cwhich vield normal clotting time in Quick’s test). 
Owren’s term para-haemophilia could be ex- 


tended to include the whole group, which then 


could be subdivided into hvpoprothrombinaemia, 
Factor V deficieney (O wren’s disease) and 
Factor-VIT deficieney (Alexander's disease 
(3)). The advantage of this terminology would 
be that a single term is used for the designation 
of the group of deficiencies expressing them- 
selves bv a prolonged Quick test caused by lack 
of components in the prothrombin system. 

A defect in the formation of thrombin, accord- 
ing to Fig. 2, can also be caused by a decreased 
availability of thromboplastin. Apparently such 
defects are normally not caused by inavailability 
of tissue thromboplastin, but bv deficiencies in 
the plasma thromboplastin system. This system 
is involved in cases of haemophilia and it is ex- 
tremely complicated. 

THE PLASMA THROMBOPLASTIN SYSTEM 

Many observations have revealed the existence 
in plasma of a system able to form a potent 
activator of a tvpe similar to the tissue throm- 
boplastin and have indicated that this system 
did not function in haemophilia (5, 6). 

Addis (1) was the first to show (in an ex- 
cellent investigation published in 1911) that the 
prothrombin concentration was normal in hae- 
mophilie blood (as was fibrinogen and inhibitory 
compounds). He found the defect to be of a quali- 
tative nature and to reveal itself by a prolonged 
activation time, which could be restored to normal 
with small amounts of normal plasma, but not 
with serum. Quick (19) in 1935 demonstrated 
with his one-stage test that prothrombin was 
normal in haemophilia. In the light of present 
knowledge this is an indication that prothrombin 
as well as Factor V and Factor VII are normal in 
haemophilic blood. Using the two-stage method 
Brinkhous (14, 11) in 1939 demonstrated the 
slow conversion of prothrombin into thrombin 
in haemophilic plasma, thus confirming inde- 
pendently Addis’ results from 1911. This idea 
was further developed bv Quick in 1947 in his 
prothrombin consumption test, where the dis- 
appearance of prothrombin from serum was 
followed (20). Since the accelerating and con- 
verting factors are normal, it is shown bevond 
doubt that a plasma thromboplastin system is in- 
volved in the normal transformation of prothrom- 
bin into thrombin and that this system is deficient 
in haemophilia. The platelets play a role in the 
activation of a thromboplastinogen in plasma to 
active plasma thromboplastin (12). Investigations 
on haemophilia have since been concentrated on 
the elucidation of the formation of thromboplastin 
in plasma (5, 10, 14) (Fig. 3). 


platelet factor 


} 


thromboplastinogen —thromboplastin 


Fig. 3. 
Formation of thromboplastin in plasma. 
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Thromboplastinogen was first thought to be a 
single substance identical with the so-called “anti- 
haemophilic globulin” (or antihaemophilic factor, 
AHG or AHF) of Patek & Stetson. However, 
cases of haemophilia were incidentally found, 
where mixtures of their blood produced normal- 
isation of the clotting time (Pa vlovsky). The 
antihaemophilic factor disappeared from blood 
during storage. It was present in absorbed plasma 
but not in serum. 

In 1952 Aggelers’ group in the U.S.A. (2) and 
Bi ggs & Macfarlane’s group in England (8) 
independently described a clotting defect of the 
haemophilioid type, where the coagulation could 
be restored to normal by the addition of normal 
serum but not by absorbed normal plasma. The 
deficiency was clearly different from the classical 
haemophilia and was found to be caused by the 
lack of a factor different from AHF. The missing 
factor was called plasma thromboplastin com- 
ponent (PTC) bv A ggeler and Christmas factor 
by Biggs & Macfarlane. 

The haemophilioid disorders (defined as the 
deficiencies in the plasma thromboplastin system) 
have since been found to include defects in other 
components than AHF and the Christmas factor. 
Some of these factors are not vet fully established, 
but the plasma thromboplastin antecedent (PTA) 
of Rosenthal (22) and the Hageman factor 
of Ratnoff (21) are genuine components of the 
plasma thromboplastin system (Fig. 4). 


AHF 
Christmas (PTC) 
PTA é 
thromboplastin 
Hageman 
platelets 
Cat + 
Fig. 4. 
Known factors of the plasma thromboplastin system. 


The prothrombin consumption test described 
by Quick has been a useful tool in investigating 
the haemophilioid disorders. In principle it meas- 
ures the disappearance of prothrombin in serum 
after the spontaneous clotting of blood. The dis- 
appearance of prothrombin is a measure of its 
transformation into thrombin and gives an indi- 
cation of the velocity of the thrombin formation. 
Consequently it can be used as an indication of 
the activity in blood of the system involved in the 
conversion of prothrombin into thrombin. Pro- 
vided the prothrombin time, estimated with the 
one-stage method of Quick, is normal (indicat- 
ing normal content of the components in the pro- 
thrombin system (prothrombin, proaccelerin and 
proconvertin)) and that further the inhibitorv 
agents are normal, the prothrombin consumption 
test gives an expression of the activity of the 
plasma thromboplastin system. 


The formation of thromboplastin can be fol- 
lowed directly by means of the “thromboplastin 


generation test” developed bv Biggs & Dou g- 
las (9). In this test a suspension of washed plate- 
lets is mixed with fresh adsorbed plasma (as 
source of AHF) and serum (source of PTC). After 
recalcification samples are withdrawn and tested 
for thromboplastic activity on platelet-free normal 
plasma (recalcified). In this manner the develop- 
ment of plasma thromboplastin is followed. 
Defective samples produce no thromboplastin and 
the test can be used in the differential diagnosis 
of haemophilioid disorders. 


Instead of indirectly as by the prothrombin con- 
sumption test the formation of thrombin can also 
be followed directly (15, 18). The estimation of 
thrombin activity has theoretical and practical 
advantages over an estimation of the prothrombin 
consumption. When the prothrombin time (ac- 
cording to Quick) is normal and the inhibitorv 
compounds are normal, the formation of throm- 
bin vields an indirect measure of the plasma 
thromboplastin system, which is more accurate 
than the prothrombin consumption test. Compared 
with the thromboplastin generation test, the throm- 
bin formation is estimated in a system consisting 
of fewer reagents and is more easy to control. 
The patient's plasma serves as the substrate to 
which small amounts of reagents prepared from 
normal plasma or serum are added. This makes 
it possible to characterize the deficiencies by 
means of the reagents which restore the thrombin 
formation to normal. As these reagents are pre- 
pared from normal blood, the difficult problem of 
controlling one group of patients with another 
is overcome. Such considerations led us in 1954 
to adopt the thrombin generation test in an in- 
vestigation of haemophilia (Astrup, unpublis- 
hed) and the good results obtained prompted an 
investigation of the usefulness of this method in 
the diagnosis of haemophilioid disorders, Sjglin 
(24). 

Since then a complete survev of all Danish 
haemophilic families has been undertaken. Results 
obtained in this survey have demonstrated the 
adaptability of the thrombin generation test in 
the diagnosis of a varietv of deficiencies in the 
plasma thromboplastin system, including dis- 
orders which do not show up in the usual throm- 
boplastin generation test, (Fig. 5). When absorbed 





Deficiencies in: 





Reagent: Chri 
„ Christ- Hage- 

AHF mas PTA man 
Abs. normal plasma ……………. 0 (+) 
Normal serum ………...-... 0 
Heated abs. serum .…….………. 0 0 0 + 
Freezing of patients’ plasma 0 (0) 

Fig. 5. 


Preliminary scheme for the diagnosis of haemophilioid 
disorders by the thrombin generation test. 
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fresh plasma (human or bovine) is added to the 
patient’s plasma, a defect in AHF (classical hac- 
maphilia) will be restored to normal and accord- 
ingly the thrombin formation is normal. Simi- 
larly, aged normal human serum restores the 
thrombin generation in Christmas plasma to nor- 
mal. However, normal serum restores also other 
defects to normal, namely PTA deficieney and the 
Hageman deficienev. In fact, two tvpes of throm- 
bin generation curves can be distinguished. The 
first tvpe shows no significant production of 
thrombin during more than 10 minutes’ incubation 
at 37°. The second type presents a slow increase 
in thrombin activity during the incubation period 
and fairly high values are sometimes obtained 
after 10—13 minutes. These two tvpes represent 
different deficiencies, Sjglin (24). The second 
tvpe probably represents deficiencies caused by 
lack of accelerating factors in the plasma. The 
existence of accelerating agents in the formation 
of plasma thromboplastin has already been sug- 
gested by Koller and his collaborators (13). 
Plasma deficient in Hageman factor is restored to 
normal by heated, absorbed serum. PTA and Hage- 
man deficient plasma is also restored to normal by 
a simple freezing of the platelet containing plasma 
at 20°, indicating the lack of accelerating com- 
ponents not essential for the thromboplastin for- 
mation (27). Using these methods we have de- 
monstrated in normal horses a defect similar to 
the Hageman trait (26). 

The Hageman trait is peculiar since it shows an 
abnormal thrombin generation test, although the 
affected persons show no clinical signs of a haem- 
orrhagic disorder. However, patients probably 
belonging to the Hageman group and presenting 
a haemorrhagic diathesis have recently been en- 
countered (25). Contrary to the classical haemo- 
philia and Christmas disease the Hageman trait 
is not sex linked. 

With the scheme for diagnosis presented here, 
it is also fairly simple to demonstrate the occur- 
rence of multiple defects in the thromboplastin 
system, and some of our most severely crippled 
patients have double defects in AHF and PTC 
(28). According to our preliminary results, the 
frequency of double defects is higher than should 
be expected from statistical consideration, a re- 
sult which has implications in the genetics of 
the diseases. 

Further development of the principles of in- 
vestigation laid down here should make it pos- 
sible to elaborate methods by which uniform 
results could be obtained by the various investig- 
ators, so that the basis of a universal agreement 
on the factors involved in various types of haemo- 
philioid disorders and of the diagnosis of the re- 
spective deficiencies could be reached. This would 
greatly aid in the investigations of the various 
factors and of their interactions before the final 
thromboplastin is formed. 


SUMMARY 

The principles used in the differential diag- 
nosis of haemorrhagic disorders have been 
deseribed. 

The thrombin generation test is recommended 
for the diagnosis of haemophilioid disorders 
(defined as deficiences in the plasma throm- 
boplastin system). 
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